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MOUNTAIN SITES FOR OBSERVATORIES. 

Bv A. G. McAdie. 

The establishment of the Lick Observatory marked an epoch 
in astrophysical work in more ways than one. The selection 
of a high-level site on the Pacific Coast, where it was antici- 
pated favorable atmospheric conditions would prevail, was a 
recognition of the importance of conducting future research 
tmder different conditions than those experienced by the great 
observatories of the world — situated at low levels and near 
renters of population. The establishment of observatories in 
South America, and within the past few years the inaugura- 
tion of the Solar Physics Observatory at Mt. Wilson, Cal. 
f elevation about 6,000 feet), are but pr<^ressive developments 
along the line. In brief, it is now clearly recognized that 
work must be carried on where there is the greatest possible 
freedom from the atmospheric disturbances so common at low 
levels. Primarily the question of definition is alt important, 
and there is little reason to doubt that in any observatory and 
almost in any line of work, the greatest possible improvement 
will be accomplished by securing the best possible definition. 
Unfortunately, instruments must be located upon the ground 
and not in the free air. It follows therefore that the astron- 
omer is handicapped at the very outset by the instability of the 
lowermost air stratum — the air close to the ground. The 
tremulous character of air near the ground during both day 
and night hours materially affects the definition. If we stop 
to consider the loss and gain of heat in this level, we need 
not be surprised at the existence of marked convectional cur- 
rents and stream lines, all tending to distort the wave-front 
and prevent perfect definition. Where day observing is neces- 
sary, as in solar work, we have a steadily increasing instability, 
due to the Sun's altitude, and all the unequal warming effects, 
due to radiation, convection, and conduction. One anticipates 
therefore that the best seeing is, as a nde, during the early 
morning hours; or when the atmosphere is nearly quiet and 
there is a minimum amount of dust or haze. At night the 
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air near the Earth's surface is disturbed by cooling, due to 
radiation, and by warming, due to air motion and absorption 
of heat from other strata. The surface of the Earth is itself 
losing heat by radiation and receiving heat by slow conduction 
from the lower earth. Furthermore, the presence of water- 
vapor materially alters the heat distribution, since we have the 
latent heat of condensation set free during the cooling ; and, 
conversely, a large amount of heat utilized in vaporizing water 
during the warming process. Nor is the radiation by gaseous 
matter the same as from the ground or water surfaces. 
In the former every particle radiates into space directly, 
whereas with the solid or liquid only a surface radiation occurs. 
Evidently then the problem is a complicated one ; one in which 
we have to deal not only with the nocturnal cooling and di- 
urnal wanning of the Earth's surface, but also the cooling and 
wanning of the atmosphere. Recent experiments indicate that 
there is at times well-marked stratification of the air and sur- 
faces of discontinuity. This was shown to be possible by 
Hermann von Helmholtz', in the formation of iog billows, 
where atmospheric strata of different density and temper- 
ature lie contiguous; and has been confirmed by recent deter- 
minations with kites and balloons. The isothermal layer which 
has just been discovered — a level at which there is a cessation 
of temperature distributicm — is probably due to the absence 
of vertical convection, and is especially significant as indicat- 
ing that the absorbing power of the atmosphere becomes a 
minimum chiefly because of the small quantity of water-vapor 
present at that height. To astronomers the existence of this 
isothermal layer is, as pointed out by Professor Turner,* 
especially interesting in connection with atmospheric refrac- 
tion. Assumptions heretofore made in connection with 
refraction no longer hold. 

This isothermal level, however, is far beyond our reach. 
Its height is approximately 12,000 meters. What we are most 
concerned about at the present time is "good seeing," if attain- 
able within a short distance above the ground. While what 
precedes shows that the full solution is not restricted to the 
layers of air next the ground, it has been found by Laxkley, 

■ Paper published in iBSe. Royal Pnisiisn Ac>deni]r of Sciences; iranilaKd b; 
\iBE. Smilhunian Inatilution. 1891. 

'Section A. British AssociHion Dublin M«ting. See .Voliir^, October i, 1908. 
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Hale, Abbot, and others, that within a height of one hundred 
feet above the ground material improvement can be had by, 
( I ) having the telescope as high as possible above the ground,' 
and (2) by churning the column of air in the tube of the 
telescope (Langley and Abbot). The result of these inno- 
vations is to thoroughly mix the air and prevent the formation 
of layers of different density; also, preventing any undue 
heating of mirrors or of tubes. To some extent "boiling" 
can thus be eliminated. Hale proposes to further reduce the 
"heating effect by doing away with the tube and using shelter 
houses with canvas louvres, permitting free circulation of air, 
but shielding from direct insolation and radiation. 

From all that precedes, then, it is evident that while perfect 
conditions need not be expected, considerable improvement is 
possible in the efficiency of observatories, both in the details of 
work and in the increased working hours, if future observa- 
tories are located at high levels, where cloudless, dry, dust- 
free, haze-free, and homogeneous atmospheric conditions pre- 
vail. It is not too much to say that, except for what may be 
called the general routine work of an observatory, present 
institutions at low levels have reached the limit of their 
efficiency. It would be unwise to equip such observatories 
with the powerful instruments of modem astrophysical re- 
search. Hale puts the case fairly when he says: — ' 

"Even if the means were available for supplying the neces- 
sary instruments to existing observatories, they could not be 
successfully employed without atmospheric conditions much 
superior to those at present available." 

There is one other aspect to be considered. Much astro- 
physical work to-day is concerned with the absorption and 
radiation of energy in the atmospheres of the Sun, the stars, 
and the planets. For example. Abbot' shows that from 
". . . the combined work of Rurens, Aschkinass, Lancley, 
Keeles and Very, Nichols (and his own) a tenth part of the 
average amount of water-vapor in the vertical column of 
atmosphere above sea-level is enough to absorb more than half 
of the radiation of the Earth through space, etc.. and that the 
real surface which communicates the Earth's heat through 

'W Halk, "Study of Condilion* for Solar ReHsrch ■[ Mt. Wilson. Csl.. 

"°'"si'l'«r'S'™rchM 11 Mt. Wil»n,- pp. til- 
'Annah of Ihe Aatraphyiical ObstrvalBry, p. i?a. 

D,:„lzcdbvG00glC 
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space is the water-vapor and carbonic acid layer lying perhaps 
4,000 meters above sea-level." 

♦ ♦»•»• 

No one recognized more clearly than Professor Langley 
the importance of good seeing.' No one foresaw the necessity 
of high-level observatories in determining the true value of 
the solar constant in determinations of variability of solar 
radiation. As early as 1881 he proved the value of experi- 
mental work at a high level on the Pacific Coast, in a region 
less exposed to storm and with an atmosphere immeasurably 
superior, so far as the absence of dust and water-vapor are 
concerned, to any attainable elsewhere in our country. His 
classic researches on Mt. Whitney and Lone Pine should be 
repeated at the same points for many reasons. The value of 
the solar constant thus redetermined would approximate 2.1 
calories per square centimeter per minute, and such a deter- 
mination would be authoritative. 

Mt. Whitney is to-day more accessible than when Professor 
Langley made his experiments. It is believed that there are 
excellent localities close by at which temporary observatories 
could be erected. And what is true of this section of the 
High Sierra holds for other mountains on the Pacific Slope, 
In some ways the Sierra Madre are to be preferred, owing 
to the genera! condition of air steadiness ; but it may be 
that for purposes which do not now appear sites in the 
northern ranges, extending perhaps to the Cascades, would be 
advantageous. 

While the writer does not claim any special knowledge 
concerning availability of different sites in the mountains of 
the Pacific Slope, it so happens that he has made the ascent 
of and measured the three highest peaks on the Pacific Coast, 
excluding peaks in Alaska. These are Mt. Whitney, 14,502 
feet; Mt. Shasta, 14,200 feet; and Mt. Rainier, 14.394 feet. 

As the various data obtained on these ascents are not readily 
accessible, I give the following results of our observations, 
and some other general information: — 

MT. WHITNEY, CALIFORNIA. 

This peak is situated in latitude 36° 34' 33" N.. and longi- 
tude 118" 17' 32" W. 

■ Amtriean IcurntI vf 5r.>««. 1903. p. 89. 
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References: Langley, "Researches on Solar Heat"; Pro- 
fessional Paper No. 15; Signal Service, 1884; Wheeler, "Sur- 
veys West of the looth Meridian, 1889" ; Stewart, Mount 
IVhitney Club Journal, Visalia, Cal. ; Le Conte, Sierra Club 
BulUlin; McAdie, Sierra Club Bulletin, June, 1904; and 
Monthly Weather Review, 1903. 

The mountain can be reached in several ways; from Lone 
Pine on the Carson and Colorado Railroad ; by trail from 
Kern River to Langley's Camp, 3,000 feet below the summit ; 
and from the northern end of the Kern River. A good 
climber can go from Langley's Camp to the summit in less 
than four hours. 

On September 2 to 6, 1881, Professor Langley made 
eighteen simultaneous observations at Lone Pine and Mt. 
Whitney. The means of the eighteen observations for pressure 
and temperature are as follows : — 

Lone Pine. 

Pressure z6.oi8 inches 66o°"',9 

Temperature 69°.6 20° .9 C. 

Mt. Whitney. 

Pressure 17.586 inches 446™.6 

Temperature Z7°'^ ^°-9 C. 

McAdie and Le Conte obtained a mean pressure from eight 
readings, corrected for tempearture, scale, capillarity, and 
gravity, of 17.694 inches (449"™ .4) at the summit of Mt. 
Whitney, and mean temperature of 52° F. {11°. i C). 

Various wet-bulb readings have been obtained by Langley, 
Wheeler, Campbell, and Abbot, all showing extreme dry- 
ness, and relative humidity varying from ten to twenty per 
cent. 

Halleck. with a temperature of 34° F. {I'.i C), deter- 
mined boiling-point to be i86°.4 F. (86° C). Hutchings 
reports the boiling-point at 187° F. 

MT. rainier, WASHINGTON. 

This peak is a volcanic cone, situated in latitude 46° 51' 5" 
N., and longitude 121° 45' 28" W. 

References: Bailey Willis, U. S. Geolc^ical Survey 
papers; Mazama Club Bulletin, Portland, 1905-6; Sierra Club 
Bulletin, 1905. 
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The mountain can be climbed from different sides, but 
probably the safest and easiest way is from Ashford, via 
Longmyers, to Paradise Valley. 

On July 25, 1905, the following observations were made by 
A, G. McAdie and checked by Professor J. N. LeConte: — 

Mercurial barometers. Green Standard No. 1664 and No. 
1554. Four readings, at Columbia Crest, summit of Mt. 
Rainier; mean pressure corrected for temperature, instru- 
mental error, and gravity, 17.663 inches, 448""".6. Mean 
temperature at summit, 39° F. (i^.g C.) ; mean temperature 
of air column from readings at summit and sea-level, 50° F. 
{10° C). The sea-level pressure reading, mean of Tacoma, 
Seattle, Portland, and Sp<Jcane, was 29.960 inches. The 
height, as determined by us, 14,394 feet (4,387 meters). 

The boiling-point, as determined on the south rim of the 
crater, probably thirty meters below the true summit, was 
I87-.4 F. (86- .4 C). 

A sling psychrometer gave the following temperatures: — 
Dry bulb, 37° F., 36^.4, 36°.5, 36°.5, 37=0, mean 36°. 7 F. 
Wet bulb, 32 28 .0, 25 .0, 24 .2, 25 .5, mean 26 .9 

The dew-point was approximately lo" ; the vapor pressure, 
0.07 of an inch ; relative humidity, thirteen per cent. 

MT. SHASTA, CALIFORNIA. 

This peak is situated in latitude 41" 24' 28" N., and longi- 
tude 122° 11' 49" W. 

The fi^lowing observations were made on the summit of 
Mt. Shasta on August 5, 1905: — 

Six pressure readings. Mean pressure, corrected for tem- 
perature, instrumental error, and gravity, 17.993 inches; mean 
temperature of air column, 60° F. 

The height, as determined by us, 14,200 feet (4,329 meters). 
The boiling-point at the summit, as then determined, 187°. 7 F. 
(8<)°.5C.). 

In our work we fully recognize that the mean temperature 
of the column of air is a very uncertain quantity. The air is 
seldom in rest. On the dates of our ascents we noted marked 
stratification. Above the 10,000-foot level (3,048 meters) the 
drift of the air appeared to be entirely different from the 
motion of the lower levels. 
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= e. 


6. 9- 


= =(?). 


8, 7' 


cl-(3)SS(2)e 


14. 7- 


2 steps > c. 


16, 8> 


= d. 


26. &■ 


= e. 


29, f 


I step > f. 



Mar. 25 
Apr. I 



Jlay 



Z 2 steps > a. 

I step > a. 

<a 
(<a. 
l>b. 

1 Step > a. 

2 steps > a. 

1 step > a. 
id. 

2 steps > a. 

1 step > a. 
^ a. 

=^b. 

2 steps > b( ?). 
= b. 

very faint. 

id. 

invisible, 

id. 

very faint. 

faint, < e. 

invisible. 

id. 



Z Cygni.^ 



Aug. 14: id. 

18: id. 

23 : id. 
Sept 



id. 

= d. 
Oc. 
)<b. 

id. 

= b. 

= b'. 

id. 
(<a. 
!>b'. 

= b'. 

= b 

I step > b. 

i^ step <b. 

I step < b. 
j<b 
) >c. 

= d. 



Y 7"tiHn (B. D. + 20° 1083). 

A number of_forty comparisons have been made upon this 

irregular variable star, which during the whole year was either 

' Vide the flMlch in the PublicBlwni A, S. P.. No. loo. 17, ,6. 
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equal to or some steps brighter than the star A = B. D. + 20° 
1095 (7" .4). In February, March, and April the star Y had 
reached its maximum (7".i), but in January and November it 
had decreased a few steps. 





U Herculis. 






Apr. 20: 


UinvisibleC?). 


Sept 




i<c. 


26: 


2 Steps < h. 


II: 


f>d. 


May 1: 


id. 




12: 




18: 


I step > h. 




16: 


! <=■ 


20: 


id. 




i>d. 


Aug. 15: 


= a. 




19: 


C(2)U(3)d. 


■7: 


\V.\^>^- 




22: 


id. 

in the midst 


18: 


2 Steps < a. 




23: 


between c and 


23: 


id. 




24; 


id. 


24; 


id. 




25: 


C(3)U(2)d. 


27: 


id. 




30: 


id. 


29; 


id. 


Oct. 


3: 


= d. 


31: 


= c. 




5: 


2 steps> d. 


Sept. y. 


id. 




10: 


I step > d. 


4: 


1 step > c. 




18: 


= e. 


9: 


Yi step > c. 


Nov 


29: 


2 steps < f. 



I have used the sketch in the Publications A. S. P., No. 106, 
18, 52, drawn by Miss Rose O'Halloran, but have added the 
two small neighboring stars g at a and h at f, both northward. 

A Suspected Variable Star, 
138.1908 Herculis. 
During my observations upon U Herculis my attention was 
directed to the two comparison-stars, 

a = B, D, + 19° 3096 7'°.o. 

b = B. D. -}- 19° 3089 7"'.8. 

The star b is here eight steps fainter than a. On August 5, 

1907, I found b > a, and so I have seen it until October, 1908. 

On October 5th, loth, and i8th, I have noted : b 2-3 steps < a. 

But when the ocular was screwed out the reddish star a was 

"diminished," and then seemed to be equal to or even dimmer 

than b. In A. G. Berlin A 5856 is 

a = 7".2 
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and in Harvard Annals, 37, 170 and 183, we find 
a = 7-.36 
b = 7"-39- 
Whether the variable is a or b is still difficult to decide. 
According to its red color, it might perhaps be the star a, 
though a look at the differences might point out b as the vari- 
able one. It will be necessary to compare b with a and c. 
(Vide Astronomische Nachrichten, No. 4274, 179, 29.) 

Meteors. 
Fireballs have been observed from stations in Denmark at 
the following dates: January 3d, 21st; March 2d, 16th, 25th; 
April 8th, 15th; May ist, nth, 29th; June 25th, 26th; July 
2d, 20th, 2isf, August 6th, 20th; October 7th, 24th; Novem- 
ber 8th, 2ist ; December 3d, 7th. 

S H ooT I NG- Stars . 

A little swarm of shooting-stars, during five minutes more 
than thirty meteors, was observed on January 2d, 8" io"-8'' 20°, 
at Hjorring, Denmark, radiant = 300° -\- 61°; and on January 
3d, 1 1" 23'"-i2'' 42", seventeen large shooting-stars were mapped 
at Paderborn, Germany. (Vide Astronomische Rundschau, No. 
98, and Astronomische Nachrichten, No. 4263, 178, 255.) On 
June 25th, 10" 30", an observer at Odense, Denmark, mapped 
a most interesting twin-meteor, two shooting-stars with paral- 
lel paths, with a distance of J^°, one on each side of the pretty 
star Arcturus. 

The weather was, in the year 1908, quite unfavorable for 
the planned observations on shooting-stars in August, and 
after November 29th the sky was overcast with clouds every 
night here at Odder. 

The above-mentioned estimations of variable stars have 
often been controlled by my young assistant, Jorgen Fog. 
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PLANETARY PHENOMENA FOR MARCH AND 
APRIL, 1909. 

By Malcolm McNeill. 

THASES OF THE MOON. PACIFIC TIME. 

Full Moon Mar. 6, eiisemp.M. j Full Moon April 5, iz'' 28" p.m. 

Last Quarter.. " 14, 7 42 p.m. Last Quarter. " 13. 6 30 a.m. 

New Moon " 21,12 11 p.m. New Moon " ig, 8 JI P.m. 

First Quarter.. ■" 28, 8 49 a.m. ' First Quarter.. " 27.12 36 a.m. 



The vernal equinox, the time when the Sun crosses the 
equator from south to north, occurs March 20th, 10 p.m.. 
Pacific time. 

Mercury is a morning star on March ist, and continues to 
be such until April 21st. It then passes superior conjunction 
with the Sun and becomes an evening star. Greatest west 
elongation is passed on March 9th. The planet's apparent 
distance from the Sun is 27° 26'. This is greater by 9° than 
the greatest east elongation in January, and is due to the 
circumstance that the time of perihelion passage was about the 
same as the January east elongation, while the March west 
elongation occurs within a week of aphelion time. Conditions 
for visibility of Mercury as a morning star during the spting 
months are seldom good, but for this year the planet will rise 
more than an hour before sunrise during the first two weeks 
of March, and it can be seen as a morning star nearly as well 
as it could be seen as an evening star in January. After 
passing superior conjunction, on April 21st, it moves rapidly 
away from the Sun, and by the end of the month it sets nearly 
an hour after sunset. Mercury is in close conjunction with 
Saturn on April 13th and with Venus on April 19th, but the 
planets are then too near the Sun for naked-eye view. 

Venus is a morning star on March ist, and remains such 
until April 28th. It then passes superior conjunction with 
the Sun and becomes an evening star. On March ist it is 
only about 14" away from the Sun and is at the same time 
about 7° south of that body ; so it rises only a trifle more than 
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half an hour before sunrise, and it will scarcely be possible 
to see it, although the greater brightness of Venus, even when 
at its greatest distance from us, as it is at superior conjunction, 
makes it a much easier object than Mercury, when they are at 
the same apparent distance from the Sun, After the opening 
days of March it will certainly be too near the Sun for naked- 
eye visibility until some time after it becorfles an evening star. 

Mars rises a little after 3" a.m. on March ist, and at about 
1'' 40" A.M. on April 30th. It moves, during the two months, 
about 43° eastward and 5° northward from a position in 
Sagittarius north of the handle of "the milk-dipper" group 
to the eastern part of Capricorn. No very bright stars are 
near its path. Its distance from the Earth is still rapidly 
diminishing from 151,000,000 miles on March ist to 104,- 
000,000 miles on April 30th, and there is a consequent increase 
in brightness of a little more than one hundred per cent during 
the two months' period. At the end of April, however, it is 
still nearly three times as far away from us as it will be at 
the time of opposition in September, and only about one ninth 
as bright. On the afternoon of March 26th it is in conjunction 
with Uranus, passing only 18', a little more than one half 
of the Moon's apparent diameter, to the south. For a day or 
two before and after conjunction the planets will be near 
together. 

Jupiter was in opposition to the Sun on the last day of 
February. It is therefore above the horizon practically the 
entire night during early March. By the end of April it rises 
early in the afternoon and sets at about 2^ 30" a.m. It con- 
tinues to retrograde, — that is, move westward, — not quite 5° 
during the two months, and 2° northward, toward Regului, 
a Leonis, and at the end of April is only about 6° east of that 
star. Toward the close of April the westward motion becomes 
very slow, and it ceases on May ist. After that date the 
planet resumes its general eastward motion. 

Saturn is an evening star on March ist, setting a little more 
than two hours after sunset. The Sun in its eastward motion 
among the stars rapidly overtakes the planet and passes it on 
the morning of April 3d. The planet then becomes a morn- 
ing star and lags behind the Sun, so that by the end of the 
month it rises nearly an hour before sunrise. During a con- 
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siderable part of the two months' period Saturn is too near 
the Sun for naked-eye observation. 

Uranus rises shortly after 4* a.m. on March ist, and shortly 
after midnight on April 30th. It is in the constellation Sagit- 
tarius and moves a fraction of a degree eastward until April 
25th, when it becomes stationary. Its conjunction with Mars 
on March 26th has been noted. 

Neptune is nearly stationary in Gemini. 



EIGHTH AWARD OP THE BRUCE MEDAL. 

At a meeting of the Board of Directors of the Astronom- 
ical Society of the Pacific, held on November 28, 1908, the 
Bruce Gold Medal of the Society was awarded to Doctor 
George W. Hill, of West Nyack, New York, for distin- 
guished services to astronomy. The presidential address, 
reviewing the life and vrorks of the eighth recipient of this 
medal, will be delivered at the annual meeting of the 
Society, to be held in San Francisco on March 27th. 
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NOTES FROM PACIFIC COAST OBSERVATORIES. 

The Fbavk P. Bbackett Observatory of Pomona College, 
Claremont, California. 

Pomona College has recently dedicated a new observatory. 
The building was presented by Mr. Llewellyn Bixbv, an 
alumnus of the college, and named for a former teacher, now 
the director of the observatory. It is a small building, de- 
signed primarily for student work. It contains a six-inch 
equatonal with Oark objective and Gaertner mounting; a 
three-inch transit and a chronograph, also made by Mr. 
Gaebtner ; and a Riefler mean-time clock. A smaller labora- 
tory clock will be used for sidereal time until another Riefler 
clock can be purchased. 

A horizontal solar telescope, with six-inch objective and a 
focal length of forty feet, is nearly completed. This is to be 
used with a spectrograph of the Littrow type, having a focal 
length of fifteen feet. The coelostat has two mirrors — one, a 
flat mirror ten inches in diameter, is driven by clock-work so 
as to reflect the light from the Sun upon the second ; also a 
flat mirror twelve inches in diameter, which is mounted with 
alt-azimuth motion on a column just south of the first. From 
this mirror the light passes through the objective which is 
mounted on a pier north of the ccelostat. The ccelostat was 
built by Mr. Gaertner, its mirrors and the objectives of both 
telescope and spectrograph being made by M. Petitdidier, of 
Chicago. 

The coelostat and objective of the horizontal telescope rest 
upon a concrete foundation and are covered by a small house 
which runs upon a track, so that it can be entirely removed 
when the instrument is in use. This house is connected with 
the main building by a pergola, which will be covered with 
vines to shelter the beam of light in its passage from the 
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objective to the slit. The slit of the spectrc^aph and the 
plate-holders are placed in the focal plane of the forty-fool 
objective, upon a concrete pier in the observatory, near the 
south side. The grating and the lens, which serves as both 
collimator and camera lens, are mounted upon another pier 
fifteen feet north of the first. 

The building is made of stone and stands on a slight eleva- 
tion in the park, well removed from other buildings and from 
ordinary travel. A flat roof or deck floor covers the building, 
except the central portion where the dome-room stands. This 
deck, protected by the parapet which crowns the walls, aflfords 
a good place for direct observation of the sky. 

The opening of the observatory was the occasion of a notable 
address by Dr. George E. Hale, Director of the Mt. Wilson 
Solar Observatory, announcing some important discoveries 
recently made at Mt Wilson concerning the vortical character 
of sun-spots. 

Visibility of Mt. Whitney from Mt. Hamilton. 
It has been the tradition at Lick Observatory that Mt. 
Whitney could not be seen from Mt. Hamilton because of an 
intervening mountain. 

A year or two ago, when the air was unusually clear after 
some of the winter storms, the Sierras could be traced almost to 
their extreme southern end. A cofiin-shaped peak was noticed 
then which looked very much as the pictures of Mt, Whitney 
would lead one to expect. So striking was the resemblance 
that the bearing of Mt. Whitney from Mt. Hamilton was 
determined from their known geographical positions. 

Just recently the Sierras were exceptionally clear and the 
same peak was visible, as well as the outlines of a nearer dark 
range projected against the snow of the more distant range. 
The bearing of the peak supposed to be Whitney was meas- 
ured with a surveyor's transit. Following are the computed 
and observed directions: — 

Computed bearing of Mt. Whitney from Lick Observa- 
tory, main building — 16 ° 28' south of east. 
Observed bearing of Mt. Whitney from Lick Observa- 
tory, main building — 16° 30' south of east. 
Distance, 191 miles. 
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An exaiDination of the topographical maps of that region, 
^published by the U. S. Geolt^cal Survey, shows that about ten 
miles this side of Mt. Whitney there is a group of peaks known 
as Milestone Mountain, the highest of which is given as 13,682 
feet. I find, however, that the line of sight to Mt. Whitney 
passes just south of the Milestone peaks. 

As further tending to identify Mt. Whitney, there is a sharp, 
isolated peak just to the north, in the proper direction for a 
peak on the map named Mt. Russell, whose altitude is 14,190 
feet. 

The close agreement of the directions, together with the 
appearance and facts above noted, convince me that it is Mt. 
Whitney which we see. C_ d_ Perrine, 

Mt. Hamilton, Cal., January 18, 1909. 

Note on the Spectrum of Comet c 1908 (Morehouse). 

In Lick Observatory Bulletins Nos. 145 and 147 the writers 
have published the results of the spectroscopic observations, 
both visual and photographic, of Comet c 1908. In the early 
visual observations Mr. Campbell noticed that the spectrum 
had unusual features. The carbon bands at X4737, A5165, 
and A 5635 were present in their usual relative intensities, but 
three bands to the violet of A 4737. and a feeble one near Hfi 
seemed to be new, or at least in very much greater relative 
strength than in previous comets observed at Mt. Hamilton, 
Four spectrograms of the comet were secured. The new lines 
(or bands) were recorded strongly, with the exception of the 
one near Hfi, for which region the plates used are not very 
sensitive. 

The continuous spectrum seems to be almost entirely absent 
— all but a few per cent, of the photographic light being con- 
centrated in seven lines at X3913, X4003, X4023, X4255. 
A4276, A4549, and A4571, in two lines at A4690 and A4715 
which are probably the edges of flutings in the fourth carbon 
band, and in two lines at A 3869 and A 3883 which are due to 
cyanogen. We are unable to suggest a probable origin for 
the first seven Hnes mentioned. The six lines between A 4003 
and A 4571, both inclusive, are no doubt identical with three 
pairs of lines observed by Chretien' in the spectrum of 

•Compiti KcHdHi. 148, i4<>, 1907. 
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Comet d 1907, and three bands observed by Deslandres' and 
EvERSHED,* all using objective-prism spectrographs. Radia- 
tions having these wave-lengths seem to be relatively strong 
in the tails of comets, as it is diHicuIt otherwise to account for 
their essential absence from the spectra of the heads of 
Gimet rf 1907 and other comets, as observed with slit- 
spectrographs. 

The most striking feature of the spectrograms is the 
nearly complete concentration of the light in pairs of lines 
(or bands) with intervals between the pairs approximately 
proportional to the wave-lengths of the lines; — that is, AA 
is constant, within the unavoidable errors of observation. The 
existence of these pairs of lines, with the lines in the pairs 
separated by about the same intervals, is strongly suggestive 
of closely related origins. The most promising hypothesis as 
to their origin seems to us to be tliat they are related to each 
other in much the same way as the well-known carbon bands 
or cyanogen bands are related. We are inclined toward the 
opinion that the six lines referred to may be the edges of 
flutings in three bands of some element or compound not yet 
observed in the laboratory. 

In an important paper on the comet spectrum, M. Des- 
LANDREs' expresses the opinion that the doubling of the lines is 
"probably a Doppler effect." As the relation, 4^ = constant, 
always holds for displacements of the lines throughout a 
spectrum by virtue of the motion of the light source in the 
line of sight, — the Doppler-Fizeau effect, — we had considered 
this explanation, but discarded it as improbable. It may be of 
value to state briefly the reasons which led us to look for a 
different explanation. 

The pairs of bright lines or bands forming the basis of this 
discussion are: X4003-23, A4255-76, and A4549-71. Possibly 
the lines at A 4690 and A 4715 may also be included, but we feel 
confident that they are parts of the blue carbon band usually 
observed in comet spectra. The interval between the pairs, 
as observed by Deslandres on October 14th and November 
1st, and by us on November 28th, remained constant within 
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the errors of observation, and amounted to about twenty-one 
tenth-meters in the Hy region. As a Doppler-Fizeau effect, 
this corresponds to a relative motion of 1450"™ per second in 
the line of sight. 

Assuming the inner section of the tail to lie. as usual, in 
the prolongation of the radius vector, the observed speed of 
1450"'° would be the projected equivalent of speeds of 2040, 
2240, and 1840*"' per second along the tail, or of 2040. 1920, 
and 2380"" per second transverse to the tail, respectively, on 
the three dates quoted. 

The spectrograms show that by far the greater part of the 
photographic light of the comet's head and inner tail, — and 
perhaps of the entire tail, — falls in the six lines in question; 
which major part is divided about equally between the more 
refrangible and the less refrangible components. 

The integrated image recorded by the ordinary camera 
should give results as to velocity not out of harmony with 
those indicated by the six lines into which the tail is chiefly 
resolved by the prism. These integrated images show by 
means of condensations within the tail that the speeds along 
the tail are of moderate and ordinary dimensions, not exceeding 
30 or 40"'" per second within say a million kilometers of the 
nucleus. Judging by the great brilliancy of many of the con- 
densations, by the sharp bends, in which all the radiating mate- 
rial seems to fall, and by the fact that nearly all the brilliant 
part of the tail possesses a common general curvature, it does 
not seem that there can be much light radiated by matter 
moving fifty or sixty times as rapidly. Small and very narrow 
streamers are sometimes developed to considerable lengths 
between two successive dates, indicating probable speeds up 
to 200"'" per second, but these emit only a small percentage 
of the total light of the tail, and therefore cannot have exerted 
an appreciable influence upon the observed spectrum. 

The theory of a relative motion transverse to the axis of the 
tail, equal to 1900-2400"" per second, seems to meet with 
difficulties equally great. We should not expect rays of any 
known kind representing one component, or both components, 
of the three pairs of lines, — i, e., three eighths and perhaps three 
quarters of all the photographic radiations, — to move trans- 
versely to the tail, either along straight lines into distant space. 
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or by rotation, without the ordinary integrated images showing 
the effects. The photographs of the present comet suggest 
rotational effects,' but on too small a scale. 

If a transverse motion were radial with reference to the 
nucleus and to the axis of the tail it would seem that a slit 
of the width employed should have a broad band for its image 
instead of two widely separated lines or bands, at least in the 
vicinity of the nucleus. If the motion were rotational, either 
a wide or a narrow slit shoidd give a single line or band, — 
nnless the tail were hollow and the slit took in both of its 
brightened borders. The integrated images show no such 
bright-bordered tails. 

We judge that the prismatic -objective spectrograms obtained 
by Pluvinel and by Deslandres show the two component 
images of a pair to be similar and parallel, at least out to a 
considerable distance in the tail. It seems improbable that any 
conditions, electrical or otherwise, would favor uniform speeds, 
— either radial or rotational, — throughout a long section of the 
tail. 

Perhaps the strongest evidence against the Doppler-Fizeau 
explanation of the pairs lies in the apparent constancy of the 
intervals. These were observed to be the same on the three 
days, October 14th, November 1st, and November 28th; 
whereas, from the changed angle at the comet between its 
radius vector and our line of sight, we should have expected 
the intervals in the pairs to vary four or five tenth-meters from 
November ist to November 28th, whether the assumed cause 
of the doubling be motion along or transverse to the tail. Such 
a variation did not occur. It should be noted that Chretien's 
observations of Comet b 1907, August i6tli-i8th, gave an aver- 
age interval of twenty-two tenth-meters for the three pairs of 
lines, with the angle at the comet equal to 77°. The corre- 
sponding speeds would be isso"" per second along the tail 
and 6900**" transverse to the tail. The intervals obtained by 
Chretien for the three pairs of lines were respectively eight. 
seventeen, and thirty-nine tenth-meters. Whether the wide 
range in the values is real or accidental, due to the faintness 
of the lines in that comet, we cannot judge. 
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The possible existence of an Hp radiation, as reported by 
Mr. Campbell for October 20th, may prove of interest in 
connection with the sug^sted canal-ray Doppler-Fizeau effect. 

As stated in our former paper on the spectrum, we incline 
to the view that the lines are observed nearly in their normal 
positions, and that the double lines are possibly the edges of 
(lutings in bands not yet observed and identified in the labora- 
tory. In this connection we should not overlook the faint lines 
3t A 453* 3nd A 423-, which may be the edges of other and 
fainter lutings in the same bands. Attention should be called 
to the strong line at A 3913. which is not doubled. It seems to 
stand alone in this regard. 

If we take either the more refrangible or the less refrangible 
component of each of the four pairs of lines between A 4002 
and A 4715 and form the successive differences in the wave- 
lengths, we find that the second differences are constant within 
the errors of observation. This may indicate, as the source of 
these radiations, a substance or compound closely related to 
carbon. 

Inasmuch as an identity has been shown to exist between 
certain comets and meteor streams, and laboratory analyses 
have shown meteorites to differ widely tu chemical composition, 
it would not seem surprising that there should be different 
types of comet spectra. 

It is hoped that Pluvinel and Deslandres have been able 
to obtain observations additional to those already published 
which shall test thoroughly the various explanations su^ested. 
Dr. Curtis, in chai^ of the D. O. Mills Observatory at San- 
tiago, Chile, has been asked to secure an extensive series of 
spectrograms with a one-prism slit spectrograph and with an 
improvised objective-prism spectrograph during the several 
months that the comet will be favorably situated for observers 
in the southern hemisphere. 

W. W. Campbell, 

January, 1909. SEBASTIAN AlBREcHT. 

The Brightness of the Corona of January '3, 1908. 

The attempt by the writer to determine the total brightness 
(photographic) of the corona of August 30, 1905, was not 
successful, owing to the thin clouds. Two negatives, together 
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with some exposures on the preceding full Moon, were se- 
cured. These have Httle value, however, except to confirm the 
conchision, reached from the 1908 eclipse, that most of the 
light of the corona emanates from within one minute of the 
Sun. 

The attempt was repeated at the eclipse of January 3, 1908, 
when entirely successful observations were obtained. The de- 
tails of these observations and a discussion of them will be 
published as a Lick Observatory Bulletin. Only the results 
will be given here. 

The effect of the coronal light was obtained by allowing 
it to shine through an aperture on a sensitive plate, without 
the intervention of any optical parts whatever. On these 
same plates were impressed standard intensity squares for 
comparison. 

From these negatives were obtained : — 

1. The total actinic brightness of the corona. 

2. The actinic brightness of the sky surrounding the Sun. 

3. The limits from within which practically all of the 

effective light of the corona emanates. 

It was found that nearly all of the effective light of the 
corona came from a ring around the Sun not over l' wide. 
Outside that limited region the light of the corona, although 
visible to the eye conspicuously, was not strong enough in 
comparison to be distinguishable. 

The light from the above narrow region was found to equal 
6.0 lamp units. The light from the full Moon, at its mean 
distance, was found to be 55.6 lamp units. The region of the 
corona observed gave, therefore, 0,108 as much light as the 
full Moon. This amount should be increased by the fainter 
parts of the corona, the brightness of which has not yet been 
determined. 

The average intrinsic brightness of the narrow region of 
the corona observed was found to be 2.07 lamp units ; that of 
the Moon, 2.65 lamp units. As the brightest parts of the 
narrow coronal ring are easily two, or possibly three, times 
the average brightness, the brightest parts of the corona are, 
therefore, brighter intrinsically than the full Moon. 
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This result accords with the naked-eye view of the corona, 
which shows a very brilliant and very narrow ring of light 
immediately surrounding the dark body of the Moon. 

The light of the sky around the bright corona, from an area 
of 40,900 square minutes, was found to equal 3.0 lamp units. 
This gives an average intrinsic actinic brilliancy of .0026 as 
compared with the lamp, or of .001 as compared with the sur- 
face of the full Moon. 

The intrinsic brilliancy of the region of corona observed is 
found to be eight hundred times that of the surrounding sky. 
C. D. Perrine. 

Mt. Hamilton, Cal., January Z7> 1909. 

Results of Further Studies on the Structure of 
Photographic Films. 

In a previous paper I gave the conclusion that the principal 
cause of the large discordances in measures of star photo- 
graphs was to be found in the size and irregular arrangement 
of the silver grains composing the star image. Further inves- 
tigations were tmdertaken to eliminate some of the trouble 
from these sources. 

The details of the recent investigations will appear in a 
Lick Observatory Bulletin, and only the general results will 
be given here. 

It was found that the accuracy was materially increased by 
giving sufficient exposure to insure light action entirely 
through the film, and full but slow development to give greater 
uniformity to the grain. 

Rapid plates with an increased proportion of silver yield 
more accordant measures than plates with the normal amount 
of silver. 

Where the structure is sufficiently uniform, as in Seed 23, 
and Transparency plates, it was found possible, by observing 
the above requirements, to produce negatives such that the 
range among the measures is only twice the uncertainty of 
the measures themselves. 

Thin films appear to give much more reliable results than 
thick ones. C. D. Pehrine. 

Mt. Hamilton, Cal., January 22, 1909. 
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Note Concerning Volume VIII, "Publications of the 

Lick Observatory." 
The volume referred to in the title, now issuing from the 
bindery of the State Printing Office. Sacramento, contains 
heliogravure reproductions of the late Director Keeler's 
photographs of nebulfe and star clusters made with the Cross- 
ley reflector. Other contents are a description of the Crossley 
reflecting telescope by Director Keeler, a list of the nebulx - 
and clusters photographed, a catalogue of 744 new nebuke 
discovered on the negatives, and new determinations of the 
positions of the nebul% previously known in the regions of the 
sky covered. It is hoped that the regular correspondents of 
the Lick Observatory can be supplied promptly with copies. 
The cost of the volume has been unusually high on account 
of the expensive processes and materials employed. There 
are seventy-one full-page heliogravure reproductions, printed 
by hand-press on suitable paper. The price of the volume has 
been fixed at $5.00, postage paid. Subscriptions may be sent 
to the University Press, Berkeley, California. 

W, W. Campbell. 

Mt. Hauilton, Cal., January 4, 1909, 
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GENERAL NOTES. 

Astronomical Papers. — At the meeting of the Astronomical 
and Astrophysical Society of America, held at Put-in-Bay, 
Ohio, August 25-28, igo8, a programme consisting of thirty- 
one papers was presented. Titles of these papers, and 
abstracts from most of them, were printed in Science for 
December nth. Titles and abstracts of twelve papers upon 
astronomical subjects presented before Section A of the 
American Association for the Advancement of Science, at the 
Baltimore meeting during convocation week, were printed in 
Science for January 22, 19C9. 

Notes from "Science." — The Paris Academy of Sciences has 
divided the La Lande prize between Professor W. L. Elkin, 
director of the Yale Observatory, and Dr. F. L. Chase, assist- 
ant astronomer in the observatory, for their papers on "The 
Parallax of 163 Stars." Mr. M. F. Smith, assistant in the 
observatory, was given honorable mention in the award. 

Professor George Davidson, head of the gef^jraphical de- 
partment of the University of California, has been presented 
with the Charles P. Daly medal of the American Get^raphical 
Society. 

The Vienna Academy of Sciences has elected M. Henhi 
PoiNCARE, the eminent mathematician, to honorary member- 
ship. Among the corresponding members elected is Dr. G. H. 
Darwin, Plumian professor of astronomy at Cambridge. 

Dr. H. MoRiZE has been appointed director of the Rio de 
Janeiro Observatory in the room of the late Professor L. 
Crui^. 

M. Charles E. Stuivaert, associate astronomer in the 
Royal Observatory of Belgium, died on November l8th, at 
the age of fifty-seven years. 

The Royal Society has given to Cambridge University the 
stellar spectroscopic equipment which has been in the care of 
Sir William Huggins since 1871. It consists of the follow- 
ing instruments : A refracting telescope with an object-glass 
fifteen inches in diameter and fifteen feet in focal length, to 
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which is attached a spectroscope arranged for both visual and 
photographic work ; and a Cassegrain reflecting telescope with 
a mirror made of speculum metal, eighteen inches in diameter 
and about seven feet in focal length, to which a spectroscope 
is attached with optical parts made of Iceland spar and quartz, 
for photographing the ultra-violet spectrum of stars. These 
two telescopes are mounted equatorially on a single polar axis, 
in such a way that they can be moved independently in declina- 
tion. They are at present installed in a dome about twenty 
feet in diameter, in Sir William Huggins's garden at Tulse- 
hill. The telescopes and the equatorial mounting were made 
1^ Sir Howard Grubb, in Dublin, and the spectroscopes by 
Messrs. Troughton and Simms. The instruments are de- 
scribed as being in excellent working order, and would only 
require such insignificant changes as are usually needed in 
passing from one series of observations to another in the 
ordinary work of an observatory, but a suitable dome will have 
to be provided for the proper installation of the telescopes. 

Lord RossE bequeathed f 1,000 to Trinity College, Dublin, 
for the science schools. His telescope and scientific instru- 
ments are left to his oldest son, with £2,000 for their upkeep. 



George W. Hough.' — By the death of Professor George W. 
Hough, on New Year's day of the present year, astronomy 
and meteorology lost a follower who has made contributions 
of permanent value to both sciences. Those who enjoyed the 
privilege of acquaintance with Professor Hough will agree 
that he well deserved the tribute paid to him by a distinguished 
astronomer, who, in a personal letter, says: "He was a rare 
man among astronomers in giving to astronomical work good 
sound common sense. He never found a mare's nest, and 
never went into idle speculations where the maximum conclu- 
sions are deduced from the minimum facts. For more than 
thirty years I have admired his honesty and good faith in all 
scientific work. So far as I know, there is nothing he ever 
had occasion to correct or retract, which is saying a good deal 
in these days." 

■Tbii brief account of Profeuor Hoitob's lift is taken in larje part from ■ 
■ketch to appear in the MotitUy WtaihtT Rtvinr, which wu «nt to me in advance 
of publication. — R. G. Aitkmh. 
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George Washington Hough was born in Montgomery 
County, New York, on the 24th of October. 1836; graduated 
B. A. from Union College in 1856; married in 1870; and 
died at his home in Evanston, 111., on the first day of the 
current year. 

Upon leaving college, Professor Hough taught for a year 
or so in the schools of Dubuque, Iowa; and pursued graduate 
work in Harvard College; so that his serious astronomical 
work did not begin until 1859, when he accepted appointment 
as assistant astronomer in the Cincinnati Observatory, then 
justly celebrated on account of its powerful glass and its able 
director. General O. M, Mitchell. At the end of his first 
year in Cincinnati came promotion to the directorship of the 
Dudley Observatory, where he succeeded the late Dr. B. A. 
Gould. 

His fourteen years of residence in Albany ( 1860-1874) con- 
stitute a period during which his inventive genius was at its 
best. It was here that his printing barometer was brought out 
in 1865. This instrument gives two graphical records of the 
barometric height, on different scales, and prints with a type- 
wheel the reading of the barometer, at the end of each hour, 
to the nearest thousandth of an inch. It was about this time, 
also, that his self-recording thermometer and anemograph 
were devised. In the Annals' of the Dudley Obsenatory, 
Vol. II (Albany, 1871), may be found a description of these 
instruments, tc^ether with a continuous hourly record from 
the printing barograph for a period of five years. In 1871 he 
perfected his now well-known printing chronograph. 

Examination of the reports of the Dudley Observatory dur- 
ing these years shows that Professor Hough, in addition to 
his interest in meteorology, gave full attention to the astro- 
nomical work of the observatory, carrying on meridian -circle 
observations of almanac stars, of planets and of asteroids, and 
also zone observations, and observations with the equatorial 
telescope. It is of interest to note that as early as 1867 he 
began to turn his attention to double stars, stating in his report 
for that year his intention of remeasuring the closer pairs from 
Stbuve's catalogue as opportunity offered. 

An interval of five years, between 1874 and 1879, was de- 
voted to commercial pursuits. The latter of these dates marks 
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his appointment to the directorship of the Dearborn Observa- 
tory, a post which he was destined to honor for the succeeding 
thirty years. The year 1879 also marks the beginning of a 
micrometric study of the surface of the planet Jupiter, which 
within a few years made him a leading authority upon this 
subject. Except for the year 1888, when the Observatory was 
moved from Chicago to Evanston, his study of Jupiter was 
uninterrupted to the end of his life, and his papers giving the 
results of this work are commended to students of planetary 
markings. 

Professor Hough's interest in double stars became more 
active when he secured the use of the fine i8j4-inch Dearborn 
telescope, which already had an honorable record in work of 
this character. Beginning with the year 1881, he gave a portion 
of his time to the discovery of new double stars as well as to the 
measuring of pairs already known. So successful was he in this 
work that 648 new pairs stand to his credit. As many of these 
are exceedingly close and difficult, and a very large percentage 
of them sure to prove binary systems, they well merit the 
attention of astronomers. Quite recently Professor Emc 
DooLiriLE, of the Flower Observatory, has remeasured all the 
Hough stars, and published his results, together with the 
earlier ones by Hough and other observers, in a general cata- 
logue, — a well-deserved compliment to the value of Hough's 
work. It may be added that one of his discoveries, Ho 212 ^ 
13 Celt, has been shown to revolve in a period of seven and 
one half years — a period shorter than that of any other known 
visual binary except ZEquulei. 

On the removal of the Dearborn Observatory to Evanston 
in 1888, a new dome was to be designed. That fine mechanical 
sense which had already enabled him to do much for the 
instrumental side of his science now led him to invent a roller- 
bearing dome and a most excellent observing chair, which 
have been copied in many important observatories. 

Qass-room teaching Professor Hough never considered his 
chief function. Yet no student ever left his lecture with the 
recollection of an unkind word or of an explanation that was 
not clear. 

Sham and ostentation were foreign to his nature. In sim- 
plicity of life, accuracy of scholarship, singleness of purpose. 
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and kindliness of heart, his friends will all remember him as a 
worthy example. 



The Total Solar Eclipse of May S, igio. — The following data 
were published by A. M. W. Downing, in Monthly Notices of 
the Royal Astronomical Society, No. 9, 68, 664, igo8 : — 

This eclipse i$ observable in Tasmania, though not under very favor- 
able conditions, owing to the Sun's low altitude at the time of totality. 

The particulars for Hobart are given on page 444 of the Nautical 
Almanac for igio. It will be noticed that the Sun sets before the 
ending of the partial phase of the eclipse. 

Port Davey, in the southwest of Tasmania, is, however, a more 
favorable station from which to observe the total phase of this eclipse, 
the duration of totality there being half a minute longer than tbe 
duration at Hobart. Some particulars of the eclipse as seen from Pott 
Davey are given, as an eiiample of eclipse calculations, on page sgo of 
the Nautical Almanac for igio. For the convenience of observers these 
are reproduced here, and some additional particulars added. 

Port Davey. Long. 146" o' E. Lat. 43" 23' S. 
Standard Mean Time (10* East). 

Angle trom 
d fa m t North Point. Vertex. 

First contact May 9342 24?° 99* 

Total eclipse \ 9 4 " 55 ^ ^72 

^^ } 9 4 IS 25 267 127 

Sun sets 9 5 8 

With the existing errors of the lunar tables, the predicted times for 
the phases of the eclipse given above will be several seconds too late. It 
may be useful, therefore, to add the intervals in time from the instant 
when the cusps subtend a given angle at the Sun's center to the com- 
t of totality. 

Time before commencement 
Angle of Cuipi. of loulity. 

go" 42« 

60 16 



The Sun's altitude at the time of totality is 8". 

Note on the Life and Services of John Tebbutt. — An 
Australian correspondent has sent me a copy of the Sydney 
Morning Herald for October 17, 1908, containing an appre- 
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dative review of the life and astronomical work of Mr. John 
Tebbutt, of Windsor, New South Wales. As explained in 
the review, which is published below, Mr. Tebbutt is a pri- 
vate astroncmier. His services have been c<Mitinuous and 
exceedingly fruitful for several decades. In this connection it 
should not be foi^otten that contributions from the southern 
hemisphere, where observers are scarce, have a value much 
greater than similar ones from the northern hemisphere, where 
active observatories exist in abundance. This is especially true 
of comet observations. For long stretches of time M r. 
Tebbutt was really the only active and accurate observer of 
these objects in the southern hemisphere. His energy and 
enthusiasm are worthy of wide recognition from astronomers 
in all countries, and the writer expresses the hope that Mr. 
Tebbutt's activity has not ceased. W. W. C. 

Mr. John Tebbutt has just issued a most interesting popular account 
of his astronomical work at Windsor from 1853 to the end of 1907. 
This is a remarkable instance of a lifelong devotion to science, and 
thoi^h Mr. Tebbutt has his reward in the knowledge of much fine 
work accomplished, and incidentally in his high reputation as an 
astronomer, too few of us realize the importance of the contributions 
to science New South Wales has thus been able to make. The sketch 
now issued may do something to remove an ignorance which is not 
altogether the fault of the man in the street, for astronomical papers 
are not as a rule published in a form accessible and intelligible to him. 
Mr. Tebbutt's grandfather arrived in Sydney about the close of 1801, 
traveling, since there was no other way, in the convict ship "Nile," 
on which was the celebrated Margaret Catchpole. The family shortly 
after their arrival settled in the Hawkesbury district, and carried on a 
general business at Windsor from 1829 to 1843. It was here that John 
Tebbutt was born in 1834. After a time the local Church of England 
clergyman undertook his education, and brought him up on sound 
classical fare, but without neglecting mathematics and the "use of 
globes." Mean time, the family had acquired the estate known as the 
Peninsula, and a house had been erected in 1845. Mr, Tebbutt was 
still a boy when he first fell the fascination of astronomy, and he tells 
us he made his first observation— that of a comet— in 1853, when he 
possessed only a marine telescope and a celestial atlas. The brother of 
Mr. Stiles, the clergyman, had been a midshipman in the Royal Navy, 
and he suggested the purchase of a sextant and a book on navigation. 
There was in the house a Scotch eight-day clock, with seconds pendu- 
lum, which is still going. In the early days Mr. Tebbutt regulated the 
clock by sextant observations, and also by transits of the Sun and Stars 
over two fixed plumb-lines adjusted at a considerable distance from 
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each other and in the plane of the meridian. He had read that the Sun 
rotated in about twenty-five days, and proceeded to verify this in an 
ingenious manner. This led him to make his lirsl astronomical publi- 
cation — in the Sydney Morning Herald of 1854. In 1857 there was a 
total eclipse of the Sun. It happened that Windsor was almost at the 
center of the Moon's dark shadow. In 1858 comet Donati appeared, 
and with the rough instruments at his disposal Mr. Tebbutt calculated 
its orbit. Another comet appeared in i860, and Mr. Tebbutt's orbit 
for this, calculated from sextant observation, was confirmed by our 
first Government Astronomer, Rev, W. Scott, who had a small equa- 
torial at Sydney. The year 1861 was notable, for then for the first 
lime a new comet was discovered in Australia. Mr. TEBButr detected 
it on May nth, but it did not become visible in the northern hemisphere 
imtil near the end of June. At the time it was first noticed Tebbutt's 
comet was about iz4.o0o.0oo miles away, and as it showed no tail 
(moving in the line of sight) it was a difiicutt object. Subsequently it 
showed a tail, stretching a third of the way round the heavens, and it 
was one of the most brilliant comets Sir John Herschel had ever seen. 
Full justice was done, we are glad to know, to Mr. Tebbutt's claims 
for priority in discovery. This comet has a period of some 409.4 years, 
so that it will not come back until about 2271, At this time Mr. 
Tebbutt obtained an excellent refracting telescope. At the close of 
1863 he erected a small observatory with his own hands — down to the 
bricklaying and slating. A two-inch transit instrument was added l!o 
the equipment. A small octagonal tower was built for the telescope. 
Meteorological observations had already begun. Mr. Tebbutt decided 
to devote himself to occultations of stars by the Moon, to echpses of 
Jupilcr's satellites, and positions of comets. There were, of course, no 
cable messages in those days, and his work was therefore quite isolated. 
In 1867 a memorable flood occurred and the observatory was almost 
completely submerged though the instruments had been removed in 
time — the only flood which has entered the buildings up to the present 
time. In 1869 Windsor was placed in the list of observatories in the 
British \aulii-al Almanac — a well-deserved recognition. A larger tele- 
.scope was added in 1872, and next year Mr. Tebbutt was elected 
F. R. .\. S. A great event was the observation of the transit of Venus 
in 1874 — at a temperature of 109°. 5 in the shade. A more substantial 
observatory was built in 1879, and a Grubb eight-inch equatorial added 
in 1886. An impetus was given to local astronomical work in 1895 by 
the establishment of a New South Wales branch of the British Astro- 
nomical .Association, and of this Mr, Tebbutt was first president. Mean 
time Mr. Tebbi;tt's systematic work had been carried on through all 
these years with the utmost devotion, and lo the great advantage of 
science ; his material in fact early earned a reputation for remarkable 
accuracy, and was relied on by the most eminent of European calculators. 
This work drew to a close in 1904, when Mr. Tebbutt had attained his 
seventieth year. It had included some 1,400 occultations of stars by the 
Moon, many valuable measurements of double stars, 120 papers in the 
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Monthly Xotices. many cither contributions lo astronomical journals, 
and much work on cometary orbits — Mr. Tebbutt has discovered sev- 
eral comets besides the notable one of 1861 referred to. Such single- 
souled tnbor is not easy to parallel, and it must be remembered that 
mo-^t of it was carried out without any assistance from others, and 
without that sympathy and intercourse which does so much to lighten 
the toil of scientific investigation. — W. G, P. 
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NEW PUBLICATIONS. 

Annals of the Astronomical Observatory of Harvard College. 

Vol. LIV, A catalogue of 36,682 stars fainter than the 
magnitude 6.50 observed with the 4-inch meridian photo- 
meter, forming a supplement to the revised Harvard pho- 
tometry. Edward C. Pickering. Cambridge. 1908. 4to. 
280 pp. 

Vol. LVII, Part II, Comparison stars for 252 variables 
of long period. Leon Campbell. 1908. 73 pp. 

Vol. LIX, No, 2, Photographic photometry on a uni- 
form scale. Edward S. King. 29 pp., with one plate. 

Vol. LX, No. 9, A catalogue of photographic charts of 
the sky. zo pp. 

Vol. LXIV, No. I, Observations with the meridian pho- 
tometer during the years 1902 to 1906. 32 pp. 

Vol. LXIV, No. 2, The variable star SSCygni, 213843. 
Leon Campbell, 20 pp., with one plate. 

Vol. LXIV, No. 3, Shonfeld's comparison stars for 
variables. 34 pp. 

Annuaire pour I'an 1909, public par le Bureau des Longitudes. 
Paris. i6mo. vi -|- 710 -|- Aii6-i-B57-|-Cii-|-D47 
pp. Paper. Price, i fr. 50 c. 

Anuario del observatorio astronomico nacional de Tacubaya 
para el aiio de 1909. Mexico. 190S. i6mo. 610 pp. 
Paper. 

Annuario astronomico pel 1909 Publicato dal R. Osservatorio 
di Torino. Torino. 1909. 8vo. 93 pp. Paper. 

Astronomiska lakttagelser och Undersokningar a Stockholm's 
Observatorium. Band 9. Uppsala and Stockholm. 1908. 
4to. Paper. N: r. i, Analytische Merkmale des Dreikorper- 
Problems von Karl Bohlin. 72 pp. N;r. 2. Integral- 
Entwickelungen des Dreikorper-Problems von Karl Boh- 
lin. 141 pp., mit II Tafeln und 3 Textfiguren. 
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Jacoby, Harold. Rutherfurd photographs of stars surround- 
ing 59 Cygni. Contributions from the Observatory of 
Columbia University, No. 25. New York, 1908. 8vo. 
23 pp. Paper. 

Katalog der astronomischen Gesellschaft. Zone — 14° bis 
— 18°. Catalogue of 8,824 stars between 13° 50' and 18° 
10' of south declination, 1855 for the equinox 1900 from 
obser\'ations with the Pistor and Martins transit circle at 
the United States Naval Observatory, Washington, D. C, 
during the years 1894 to 1905, by A. N. Skinnek, 
Leipzig. 1908. Folio. 23 + 180 pp. Paper. 

Klinkenberg, L. M. Die Greenwich-Deklinationsbestini- 
mungen von Polaris, 1851-1905. Proefschrift. Rotter- 
dam. 1908. 4to. 84 pp. Paper. 

Poor, Charles Lane. An investigation of the figure' of the 
Sun and of possible variations in its size and shape. Con- 
tributions from the Observatory of Columbia University, 
New York, No. 26. Reprinted from the Annals of the 
York Academy of Sciences, Vol. XVIIL August, 1908. 
8vo. 385-424 pp. Paper. 

Publications of the Astronomical Laboratory at Groningen. 
Groningen. 1908. Folio. Paper. No. 19, The proper 
motions of 3,300 stars of different galactic latitudes, de- 
rived from photographic plates prepared by Professor 
Anders Donner, measured and discussed by Professor 
J. C. Kapteyn and Dr. W. De Sitteji. xiii -|- 42 -J- T 115 
pp. No. 21, A determination of the apex of the solar mo- 
tion according to the method of Bravais, by H. A. 
Weersma. 74 -j- xxxi pp. 

Publications of the Lick Observatory. Vol. VIH. Photo- 
graphs of nebuUe and clusters, made with the Crossley re- 
flector by James Edward Keeler. Sacramento. igo8. 
8vo. 46 pp., with 70 plates. Qoth. Price, $5.00. 

Publications of the Washburn Observatory of the University 
of Wisconsin. Vol. XIL Madison. 1908. 4to. 317 pp. 
Paper. Part I. Proper motions of faint stars, by George 
C. CoMSTOCK. Part H, Meridian observations of com- 
parison stars, by Albert S. Flint. 
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Recherches astronomiques de Tobservatoire d'Utrecht III. The 
variable star U Geminorum, by J. Van Der Bilt, Utrecht. 
1908. 8vo. 115 pp.. with 29 plates. Paper. 

ScHCENBERG, E. Die Polhohe der Jurjewer (Dorpater) Stem- 
warte aus Talkott-Beobachtungen mit dem Repsoldschen 
Zenitteleskop. Publikationen der KaiserUchen L'niversi- 
tats-Stemwarte zu Jurjew (Dorpat). Band XXI, Heft i. 
Dorpat. 1908. Folio. 33 pp., with one plate. Paper. 

Tebbutt, John. Astronomical Memoirs. Sydney. 1908. 8vo. 
132 pp., with 5 illustrations. 

\'erdffentlichungen des koniglichen astronomischen Rechen- 
Instituts zu Berlin. No. 36, Genaherte Oppositions- 
Ephemeriden von 29 kleinen Planeten fiir 1909 Januar bis 
1909 Juli. Unter Mitwirkung mehrerer Astronomen, in- 
besondere der Hcrren A. Bekberich und P. V. Neuue- 
hauer, herausgegeben von J. Bauscminger. Berlin. 1909. 
8vo. 12 pp. Paper. 

WoLKER, A. Die Haufigkeit und Heliographische Verteilung 
der Sonnenflecken in Jahre 1907; V'ergleichung mit den 
V'ariationen der magnetischen Deklination. Die partiale 
Sonnenfinstemis vom 28 Juni, 1908, beobachtet in Zurich. 
Forstsetzung der Sonnenfleckenliteratur. Astronomishe 
Mitteilungen gegrundet von Dr. Rudolf Wolf. Nr. 
XCIX. Zarich. 1908. 8vo. 32 pp. Paper. 



du Google 



Astronomical Society of the Pacific. 49 

Minutes of the Meeting of the Board of Directors of 

THE Astronomical Society of the Pacific, held 

AT Chabot Observatory, Oakland, Cal., 

Saturday, January 30, 1909. 

President Burckhalter presided. The minutes of the meeling held 
NovembcT a8, 1908, were approved. 

The Gimmtttee on Location was authorized to procure a place for 
holding the annual meeting, March 27, 1909. 
The following was elected to membership: — 

The Chief Astronomer, Department of Interior, Ottawa, Canada. 
President Burckhalter announced the appointment of the following 



Aaiiting Committee: F. R. ZiEi, (Chairman), J. A. Lancstsoth, 

W. H. LOWDEN. 

SominatiHg Committee: Josft Costa (Chairman), Otto Von 
Geuieis. J. H. Mooit, W. U. Smyth, B. L. Hodchead. 

Adjourned, 



Minutes of the Meeting of the Society, held in Chabot 

Observatory. Oakland, Cal., January 30, 1909, 

at 8 o'clock p.m. 

President Burckhalter presided. The minutes of the November, 

1908, meeting were approved. 
There being no further business, the President introduced Professor 

AuxANKi G. McAdie, official in charge of the U. S. Weather Bureau 

in San Francisco, Cal., who delivered an interesting lecture on "Moun- 

tiin Sites for Observatories." The lecture was illustrated by lantern 

slides. 
The second lecture of the evening was to have been delivered by 

Ptolessor T. J. J. Set, Director of the Naval Observatory, Mare Island, 
Cil Professor See was unfortunately unable to be present because of 
an attack of appendicitis. His lecture was read by the Secretary. It 
was entitled, "The Laws of Cosmical Evolution and the Expansion of 
the Solar System beyond Xefilune." The lecture was illustrated by 
laaicrn slides. Professor See's paper announced for the tirst time his 
new theory of cosmical evolution in which was given his argument for 
the existence of one or more trans-Neptimian planets. 

Adjourned. 
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OPriCBRS OP THB 80C1BTY. 

Mr. Chauu BuiCEBALTn Prtiidtnt 

Mr. W. W. CkKPHu Firtt Via-PrttUtM 

Ur. C. £. Hau Stta»J Vic-Prttidnu 

Mr. P. MouE TKiri yict-Frtadtrnt 

Mr. R. T. Cuwroui (Sladentl' Obtcrvatorj. Berkcler) Stcrllarj 

Mr. R, G. AiriM <Mount Huoillon, C»l.) Stcntmry 

Mr. D, S. KicHAitlisOK Trtanrtr 

Board tf Dirtciort — Mcisri. Aiteeh, Buickbaltih, Caufiili, Cuwrou, Cidceii. 

CuiHiHO, Galloway. Hali, Moiii, Richabdmii, Towmlit. 
FiiMim CviKmitiu — MeurL Cuihihc, Ciockii, Aitkik. 
Comniitft OB PubUcatio* — Metu*. Towhlit, Mapdiill, Hoou. 
Library Cotnmiltcr— Meuri. Ciawfoud, Towklev, ElHAtsioN. 
Comtl-Mtdal Committn — Meurt. Cahpiiu. (cx-oBkio), PnmiHi, Towmlev. 



_ .. elecHd during Ihe lliird qunrtcr. be iball mj one half only 

such dues: when elected during the !>■< quarlei. be shall par one fourth only 
iuch dum provided, however, that one hall only of the duel in tbia article 
..-.^.^ , ...,. u „„..j < ,_ bg ^ actually enrolled aa a 
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ADDRESS OF THE RETIRING PRESIDENT OF THE 

SOCIETY, IN AWARDING THE BRUCE MEDAL 

TO DR. GEORGE WILLIAM HILL. 

By Cuau.es Bubckraltek. 

The eighth award of the Bruce Gold Medal of this Society 
has been made to Dr. George William Hill. 

To those having understanding of the statutes, and the 
' method governing the bestowal of the medal, it goes without 
saying that it is always worthily bestowed. The statutes 
require that, for each medal awarded, eminent astronomers, — 
the directors of six of the greatest observatories in the world, — 
shall be asked each to nominate three astronomers worthy to 
receive the Bruce Medal "for distinguished services to astron- 
omy." The six observatories have always been Harvard, 
Lick, and Yerkes in this country, and Berlin, Greenwich and 
Paris in the Old World. From the nominations thus made 
the Directors of this Society, by ballot, choose the Medalist. 

The list of names of those whom we have thus honored, and 
in honoring them we have honored the Society, is an inspiring 
one — all household names in astronomy. The first award was 
to Simon Newcomb, a native of Nova Scotia; the second to 
.Arthur Auwers, a German; the third to Sir David Gill, 
an Englishman; the fourth to Giovanni Virginio Schiapa- 
RELLi, an Italian; the fifth to Sir William Hoggins, an 
Englishman; the sixth to another German, Hermann Carl 
VocEL ; the seventh to Edward C. Pickering, the first native- 
bom American to receive the medal ; and the eighth to our 
present medalist, also an American. The Bruce Medal, like 
astronomy, knows nothing of boundaries. 
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In a paper in the Popular Science Monthly for October, 
1908, Professor Pickering calls attention to the fact that there 
are only six Americans who are members of three or more 
of the seven leading National Scientific Societies (England, 
France, United States, Russia, Germany, Austria and Italy) 
and of these six, three are astronomers ; and I wish to add, 
of the three astronomers our medalist is one. Professor Pick- 
ering also points out that every living Bruce Medalist belongs 
to three or more of these societies. 

Although this is but the eighth award of the medal, so great 
is the care taken in its bestowal, and with such wisdom have 
the selections been made, that the Bruce Gold Medal is already 
recognized as one of the greatest honors that can be conferred 
upon an astronomer. 

The statutes for the bestowal of the Bruce Medal require 
the President of the Society at this meeting to "Announce the 
award and the reasons for making it." Let me here say that 
no adequate review of Dr. Hill's work can be comprised in ■ 
this address; in his "Collected Mathematical Works" there are 
eighty-four memoirs, every one of which shows the master 
mind. And I wish St once, frankly, to confess my inability to 
give an opinion of the value of Dr. Hill's services to astron- 
omy, and in this, your President feels that he is but one of a 
large company. Only specialists in celestial mechanics are 
competent to appreciate and appraise the utility and impor- 
tance of his monumental achievements; the opinions of those 
intellectual giants who are his colaborers, alone can reflect to 
us a true estimate of their value. 

Professor Newcomb in his "Reminiscences of an Astrono- 
mer" says of Dr. Hill that "he will easily rank as the greatest 
master of mathematical astronomy during the last quarter of 
the nineteenth century." Wedded to his chosen field of labor, 
he worked, year after year, scarcely known to the public, 
patient, underpaid, his ability appreciated by only a few of 
his colleagues, but content that he could advance his beloved 
science. Speaking of this time, Newcomb says of him: "Here 
was perhaps the greatest living master in the highest and most 
difficult field of astronomy, winning world-wide recognition for 
his country in the science and receiving the salary of a depart- 
ment clerk." 
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The list of honors conferred upon our medalist by institu- 
tions of learning in this and foreign countries is a long one, 
among which I may mention the Damtriseau prize, of the Paris 
academy, the degree of Doctor of Laws, by Cambridge Univer- 
sity, England, and the gold medal of the Royal Astronomical 
Society. Our own recognition is, of necessity, somewhat tardy, 
for he has been nominated again and again by eminent astron- 
omers, for the honor of the Bruce Medal. 

I have said that only an expert can rightfully weigh such 
work as that of our medalist. Such an one is Mr, Henri 
PoiNCARE, who has written, in French, an introduction to the 
"Collected Mathematical Works of George William Hill." 
From this, the following abstract has been prepared by Dr. 
R. G. AiTKEN, of the Lick Observatory : — 

"Dr. Hill," says Poincare, "is one of the most original 
figures in the American scientific world. Throughout all his 
works and his calculations he has remained a stranger to the 
feverish life that has troubled others; he has conducted his 
researches in isolation, formerly in the bureau of the Nautical 
Almanac, more recently at his quiet home in the Hudson Val- 
ley. This reserve, I was about to say this shyness, has been 
a happy circumstance for science, for it has permitted him to 
carry his ingenious and patient researches to their conclusion 
without suffering distractions from the constant accidents of 
the world outside." 

Dr. Hill was born in New York, March 3, 1838. His 
father, an Englishman, came to America in 1820 at the age of 
eig^t ; his mother, of an old Huguenot family, transmitted to 
him the traditions of the earliest colonists of America. He 
[ossed his infancy at the farm at West Nyack, about twenty- 
five miles from New York, which his father bought shordy 
after Hill's birth. 

"He always loved his home, he returned to it as often as 
he could, and when he resigned from the Nautical Almanac 
Office he made his permanent home there, and there he pursues 
his studies in tranquility, avoiding, as far as possible, even 
journeys to New York," 

At the age of seventeen he entered Rutger's college, New 
Brunswick, New Jersey, where his professor in mathematics 
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was Dr. Strong, a friend of Bowditch, the translator of 
"Laplace's Mecanique Celeste." 

"Dr. Strong was a man of traditions, one who praised the 
bygone times ; for him Euleh was the god of mathematics, 
and after Eulek, decadence began ; it is true that this is a god 
one may worship with profit. With rare exceptions Dr. 
Strong's Hbrary was pitilessly closed against all books of later 
date than 1840. Happily, excellent works on celestial mechan- 
ics were written prior to 1840, for example, those of Laplace, 
Lagrange, Poisson, and Pontecoulant. These were the 
masters by whom Hill was introduced to the rudiments of the 
science." 

Receiving his degree in 1859 he went to Harvard to con- 
tinue his mathematical studies, but in the spring of i86i joined 
the Nautical Almanac staff and spent the next thirty years 
of his life in that service. Those were the most fruitful years 
in point of scientific productions. At this time the Nautical 
Almanac Office was at Cambridge, Mass., under the direction 
of Professor Kunkle, the founder of the Mathematical 
Monthly, in which prizes were proposed for the solution of 
mathematical problems. "One of the first articles published," 
says PoiNCARi:, "revealed the hand of a master and easily 
gained the prize. It dealt with the functions of Laplace and 
the figure of the Earth. The author was Mr. Hill, who was 
just about to leave college." 

Hill continued to make many contributions on various 
mathematical subjects, generally, however, connected in some 
way with celestial mechanics, to the Malhematical Monthly, 
and to the Analyst and similar journals. 

While the Nautical Almanac Office remained in Cambridge 
under Runkle, Hill's work for it was done at his home in 
West Nyack. But, in 1877, when Newcomb assumed charge, 
"he wished to undertake a colossal task, the reconstruction of 
the tables of all the planets ; Mr. Hill's part in this task was 
the most difficult ; it was the theory of Jupiter and Saturn, with 
which he began to busy himself about 1872." He could not 
well carry on this work away from his chief and his colleagues, 
so was obliged to leave his home, a sacrifice readily made in 
view of the importance of the work. But he returned to his 
home when the bureau was moved to Washington. 
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In 1892 he resig;ned from the Nautical Almanac. For a 
short time thereafter he held a professorship in Columbia Uni- 
versity, but he did not continue in this position long, and since 
then "has lived alone with his books and his souvenirs." 

Inspection of the tables of contents in the four volumes of 
his "Collected Mathematical Works," published by the Carnegie 
Institution, of Washington, shows what a wide range his inves- 
tigations took, in every department of celestial mechanics. 

Hill's greatest work, according to all competent judges, 
consists in his researches on, and contributions to, the lunar 
theory. This account -of it is based on Foincare's introduction. 
He says it is the work to which Hill "devoted all the original- 
ity of his genius." 

To comprehend Hill's work, Poincare gives a brief account 
of the state of the theory when Hill began his work. Two 
great works on this subject had been completed at this time — 
Hansen's and Delaunay's — each exhibiting the results of 
the highest sagacity and of extreme patience. 

The methods adopted by these two investigators are radically 
different; Hansen, who completed his work first, had in mind 
the purely utilitarian object of ccanputing accurate lunar tables, 
hence he calculated numerical co-efScients directly and did not 
trouble himself to find analytical expressions. The tables in 
actual use to-day are based on Hansen's calculations, and it is 
probable that the new theories, more scientific, more satisfac- 
tory in their spirit, will not give very different results. Delau- 
NAY, on the other hand, presented his inequalities in the form 
of algebraic formulas. "He gives us, then, not only the theory 
of the Moon, but the theory of any satellite that revolves, or 
that may revolve about any planet whatever. From this point of 
view he leaves Hansen far in the rear. The method which 
has led him to this result constitutes the most important advance 
that has been made in celestial mechanics since Laplace. 
To-day, perfected and shortened, it has become an instrument 
that every one can use, and that has already rendered good 
service in every part of astronomy." 

Unfortunately Delaunay's series converges only with exces- 
sive slowness and is therefore unsuited to numerical computa- 
tions. Hill promptly mastered Delaunay's theory and made 
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it the subject of various memoirs, but his own method is very 
different and very original. 

Delaunay's series depends on five constants, the eccentrici- 
ties, the inclination, the solar parallax, and a quantity called m, 
which depends upon the mean motions. If we suppose the first 
four to become zero, we have a particular solution of the 
differential equations. This solution will be very much more 
simple than the general one since the greater part of the ine- 
qualities will disappear, the only remaining one being the one 
known as the "variation." 

On the other hand this solution docs not precisely represent 
the Moon's trajectory, but it will serve as a first approximation, 
since the neglected constants are in effect very small. The 
choice of this first approximation is far more advantageous 
than the Keplerian ellipse, since for this ellipse the perigee is 
fixed, whereas in the real orbit it is in motion. The differential 
equations are at the same time simplified, since, the eccentricity 
and parallax being zero, the Sun is supposed to describe a cir- 
cumference of very great radius. Mr, Hill again simplified 
the equations by judiciously choosing his variables. He does 
not express them in polar coordinates, but in the rectangular, 
and this is a great step in advance. Again his variables are 
not referred to fixed axes, but to axes possessing a uniform 
rotation, equal to the mean angular motion of the Sun. This 
was a new simplification, since the time no longer figures 
explicitly in the equations. "But the most important advantage 
is the following: For an observer situated on those moving 
axes the Moon will appear to describe a closed curve, if the 
eccentricities, the inclination and the parallax are zero. As 
the differential equations are otherwise rigorous, this is the 
first example of a periodic solution of the problem of three 
bodies whose existence has been rigorously demonstrated. 
Recently periodic solutions have assumed capital importance 
in celestial mechanics. [Poincab^ himself is one of the fore- 
most investigators in this branch, if indeed he has an equal.] 
But our medalist was not content merely to demonstrate its 
existence ; he studied this orbit (or these orbits) in detail, and 
determined point by point the closed trajectories and calcu- 
lated the coordinates of these points to many decimals." 
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Not to follow Poincare's discussion in too much detail, it 
may suffice here to say that in the further transformations and 
solutions of these equations, Mr. Hill showed as much daring 
as originality. His solution involved the consideration of an 
infinite number of linear equations. Not only did he not hesi- 
tate to consider these, but he also studied determinants of an 
infinite order, a thing never before attempted' and, happily, 
his daring was justified by his success. 

If we compare his methods with those of Delaunay, we 
shall find that Hill's method by three approximations gave 
results for the constant of the motion of the lunar perigee 
correct certainly to thirteen decimals, whereas (to quote from 
Hills own paper) "Although Delaunay has been at the 
great pains of computing eight terms of this series, they do not 
suffice to give correctly the first four significant figures (eight 
decimals] of the quantity sought. ... As well as can be 
judged from induction it would be necessary to prolong the 
series, in powers of m, as far as m", in order to obtain an 
equally precise result." 

This will suffice to illustrate the great advance made by Hill 
in the development of the lunar theory, for the method thus 
applied to the motion of the lunar perigee may also be applied 
to the motion of the node. The main difficulties are thus con- 
quered, and the subsequent approximations are relatively easy. 
Nevertheless practical difficulties still remain, and the field is 
open for new improvements and new theories. It is unneces- 
sary in this connection to do more than merely to refer to the 
work of another eminent investigator, Professor E. W. Brown, 
who has developed methods of which much is expected. 

The inequalities in the lunar motion so far discussed have 
been those due to the action of the Sun. They are the ones that 
would be produced if only the Sun, the Moon, and the Earth 
existed, and they were reduced to material points. But there 
are other inequalities in the lunar motion, produced in part 
by the direct action upon the Moon of the other planets, and in 
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part, indirectly, by the disturbing action of these planets upon 
the motion of the Earth about the Sun, Further, the Earth is 
not spherical, and its equatorial protuberance exercises an 
influence upon the lunar motion. 

In the planetary perturbations of the Moon's motion we may 
further distinguish between the secular variations and the 
periodic. Mr, Hill has studied successively the secular accel- 
eration of the mean motion, that of the motion of the perigee, 
and the influence of the variations of the ecliptic. Nor has he 
neglected the others, and he has also given careful study to the 
effect of the oblateness of the Earth and discussed the results 
of the pendulum determinations of the force of gravity on the 
Earth's surface. 

But the lunar theory did not absorb all of Hill's time or 
energy. Time and again he turned to investigations dealing 
with general problems, the general theory of planetary per- 
turbations and special problems in this field. His largest piece 
of work of this kind is the one undertaken for the Nautical 
Almanac in connection with and as part of Newcomb's "colos- 
sal task," referred to above, of the complete discussion of the 
mutual perturbations of Jupiter and Saturn. 

Laplace had entered upon this theory which presents very 
great difficulties because of what is termed "the great inequal- 
ity," but his evaluation of the terms of the second order was 
but a rough approximation. Hansen was more fortunate, and 
so arranged his calculations that he was able to estimate the 
importance of terms he neglected, but he carried out his work 
completely only in the case of Saturn. For Jupiter he was 
content to stop with terms of the first order. We may pass 
over other memoirs as relatively unimportant until we come 
to that of Le Verrier, published in 1876. His theory is 
indeed complete, but his formulas are entirely literal, and so 
arranged that the co-efficients of the inequalities are expressed 
in terms of corrections to all of the osculating elliptic elements. 
In practice this leads to excessively long computations and 
there are apparently some outstanding errors in the formube; 
besides, the tables are not convenient to use. But Hill began 
his investigations in 1872, before Le Verrier's results were 
published and at a time when it was uncertain when they would 
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be published. The tables then in actual use were Bouvard's, 
and these were quite inadequate to meet the needs of astrono- 
mers. Having a purely practical end in view, the construction 
of accurate tables in the shortest possible time, Hill did not 
seek to develop a new method of investigation. He adopted 
Hansen's, but with modifications that greatly simplified it. So 
great an amount of computing was involved in this research 
that Mr. Hill devoted to it seven and a half years of time, 
being relieved during this time of all routine duties in the 
Nautical Almanac Office and having the services of an assistant 
to check by duplicate computations all the more important cal- 
culations. The result of this long, and in many ways necessa- 
rily tedious work is a splendid volume of theoretical researches, 
and two volumes of accurate tables, one of the motion of 
Jupiter, the other of the motion of Saturn. 

The recent progress of celestial mechanics has received and 
continues to receive Mr. Hill's constant attention. Hansen's 
and Delaunay's methods, Gylden's intermediate orbit, the 
recent developments in periodic solutions of the three-body 
problem [as presented by Poincare, Darwin and others], have 
all been assimilated, and many of them analyzed and discussed 
in some of his published memoirs. 

In his concluding sentence Poincare says: "There is there- 
fore not a single part of celestial mechanics to which he is a 
stranger, but his chief work, that which will make his name 
immortal, is his theory of the Moon. It is there that he is not 
only an able artist, a careful investigator, but an inventor, 
original and profound. I do not wish to say that the methods 
which he created are applicable only to the Moon. I am well 
persuaded to the contrary ; I think that those who are engaged 
in study of the minor planets will be astonished at the relief 
from difficulties they will experience on the day when, having 
fathomed their spirit, they apply them to this new object. But 
at present it is for the Moon that they have proved themselves. 
When they enter upon a wider domain, we ought not to forget 
that it is to Mr. Hill that we owe so precious an instrument." 

We have earnestly hoped that our medalist would be with 
us this evening, but in a letter to Dr. Hale he said he did not 
feel strong enough to undertake the journey; therefore, in 
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his absence, I hand to you, Mr. Secretary, for transmission 
to Dr. Hill, this medal, the highest honor this Society can 
possibly confer upon an astronomer, and with it I ask you to 
send the greetingfs and best wishes of the Astronomical Society 
of the Pacific, and that we trust the evening of his life may he 
a long and happy one. 
March 27, 1908. 



THE LAWS OF COSMICAL EVOLUTION AND THE 

EXTENSION OF THE SOLAR SYSTEM 

BEYOND NEPTUNE. 

By T. J. J. See. 
(Abstract of address delivered January 30, 1909.) 

It has long been considered somewhat of a reproach to 
astronomy that the processes of cosmogony have remained so 
obscure that definite laws could not be established regarding 
even the mode of formation of the solar system, while still less 
was known about the laws for the development of other sys- 
tems in space. In view of the great progress of the physical 
sciences since the time of Lapi^ce, one is compelled to admit 
that this criticism of the oldest and most exact of the physical 
sciences is not wholly unjust and without a certain foundation. 
Not only has the failure of researches in cosmogony affected 
astronomy adversely, but it has also narrowed the field of 
effort in several of the related sciences. This should not, how- 
ever, occasion surprise among those who study the history 
of the physical sciences. For as cosmogony depends on the 
other sciences for its fundamental data, any circumstance 
which has affected them adversely would also retard the devel- 
opment of cosmogony itself, and vice versa. 

In addition to the natural difficulties inherent in the devel- 
opment of a complex and dependent science like cosmogony, 
another has arisen irom the demoralization of spirits due to 
the failures of previous investigators. Those who have labored 
for years without gaining any satisfactory light on the subject 
may easily convince themselves that there are no definite laws 
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of celestial development; or imagine that such laws as exist 
are the outgrowth of various processes, — under repulsive and 
even explosive forces, as well as under the more familiar 
attractive force of gravitation. The investigator who has 
repeatedly failed will readily persuade himself that nature has 
few, if any, simple laws. This mistaken tendency of many 
minds is supported and confinned by the diversity of process 
apparently required to harmonize discordant phenomena ; and 
the love of novelty thus suggested is often stronger than the 
love of truth. 

Accordingly we have a multitude of theories, most of which 
have no foundation whatever, and should never have been 
advanced. The promulgation of theories wholly devoid of 
foundation is injurious to science and simply aids in the propa- 
gation of error. When nothing is known, however, almost any 
hypothesis which unites and harmonizes phenomena is philo- 
sophically justifiable, and may be of some value for the time 
being ; hut when means exist for confronting hypotheses with 
observations, so as to establish contradictions with known phe- 
ncvnena, it is idle and vain to consider any hypothesis which 
is not free from contradiction. 

Heretofore most of the theories of cosmical evolution pro- 
posed. have been involved in some inconsistency. Indeed, most 
of them have been directly contradicted by the most obvious 
phenomena, which admit of no dispute ; and yet many of these 
baseless speculations have continued to circulate even in pub- 
lications of supposed scientific standing. The vague theories 
put forth by persons of obscure mind only serve to muddy 
the stream, so that no one can penetrate beneath the surface ; 
and this leads a considerable body of observers to concentrate 
attention chiefly on superficial phenomena, which have the 
double fascination of apparent obviousness and at the same 
time may be grasped without much labor. But sagacious 
investigators are not taken in by such palpable deceptions. 
They are accustomed to look beneath the surface, and realize 
fully that hard work, extending over many years, is the price 
which must be paid for discoveries of real value. Until re- 
sults can he obtained which admit of no contradiction they 
prefer to wait for more light, and thus have been able to make 
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but few positive advances in cosmogony. In the present dis- 
cussion we shall refer especially to the solar system, but the 
principles are obviously applicable to all systems in space, and 
we need not dwell on the universal character of the theory. 

The roundness of the orbits of the planets and satellites has 
been remarked with wonder and admiration from the earliest 
ages of science. This remarkable geometrical property of the 
planetary paths excited the speculative curiosity of Aris- 
TABCHUS and Archimedes, Hipparchus and Ptolemy, Kep- 
ler and Newton ; but while all geometers followed the 
Greeks in admiring nature's apparent preference for the circle, 
no one of them attempted to explain this tendency till Laplace 
promulgated the nebular hypothesis in 1796, and accounted for 
the circularity of the orbits by a rotation of the central mass 
under gradual acceleration, which would detach the attendant 
bodies quite gently and set them revolving in orbits approxi- 
mately circular. Laplace's explanation has been generally 
accepted, and for more than a century it has been universally 
assumed that the planets and satellites were originally de- 
tached from the centra) bodies which now govern their motions. 

Yet as long ago as 1861 Babinet had proposed a mathe- 
matical criterion for testing the Laplacian theory, and on 
applying it to our system found that the classic nebular hypoth- 
esis was not confirmed. This criterion rests on the mechanical 
principle of the conservation of areas, according to which the 
moment of momentum of a rotating mass is unchanged what- 
ever be the change in radius. Thus if w be the angular velocity 
of rotation of a globe of radius r, to' and r" the corresponding 
quantities at another epoch ; then it follows that 

On applying this formula to our actual system, with the 
numerical data adopted in Astronomische Nackrichten No, 
3992, we find the results given in the accompanying table. 

Babinet had applie^ his criterion to the case of the Earth 
and Neptvne and found that the rotation of the hypothetical 
solar nebula when it was expanded to fill these orbits would 
not be rapid enough to detach these planets. As his criticism 
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of Laplace's theory was destructive and not constructive, it 
shared the fate common to efforts of this kind, and has been 
generally lost sight of. Consequently the effect of Babinet's 
test on current speculative thought was insignificant. The 
above table gives the best available data for all parts of the 
sdar system, and shows that none of the planets and satellites 
were ever detached from the central masses which now govern 
their motions. 

Thus we see that the premise underlying LaplAce's hypoth- 
esis, implying that the attendant bodies were detached by rota- 
tion, was false, and consequently the reasoning based thereon 
quite unjustifiable. Therefore his venerable explanation of 
the roundness of the planetary orbits falls to the ground, and 
another cause must be sought which admits of verification by 
means of criteria of acknowledged mathematical rigor.' 

Table Showing the Application of Babinet's Criterion 

TO THE Planets and Satellites, when the Sun and 

Planets Are Expanded to Fill the Orbits of 

THE Bodies Revolving about Them, 



s|±. PX""' 


S^'^' 

^'^°' 




Mercury 


35-3 days 


0.2408s years 479 years 




= 0.06267 yr 






Venut 




a6i237 


1673 " 


The Earth 




1.00000 


3192 " 


Mars 




1.88085 


7424 " 


Ceres 




4-60345 


24487 " 


Jupiter 




11.86 


86560 " 


Saturn 




2046 


390962 " 


Uranut 




84.02 


1176765 " 


Neptunt 


164.78 


2888533 " 


■TiM i)i»D«ion from 
u *nic1e communioud 


t,txx.rT^Ji 
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S^S^ S..dli.e. 


Adopted 
of'pUnrt. 


n,„, ^ Time of PUnel"* 


Earth The Moon 


.day 


27.32166 days 363245 days 


Mars Pkobo, 


24.62397 hrs 


7.6543 hrs. 


I9a62 hrs. 


Deimos 




30-2983 " 


1193-52 " 


Jupiter V 


9.528 ■' 


11-9563 " 


64456 " 


I 




1.7698605 days 14.60 days 


11 




3.5540942 


36.900 '■ 


III 




7.1663872 


93-933 " 


rv 




'6.7535524 


290.63 '• 


VI 




250.618 


■ 1076&8 " 


vn 




26S.0 


11602.4 " 


VIII 




930-73 


6ig97Ji " 


Saturn Inner Edge 


10.641 hrs. 


0.236 day 


0.6228 day 


of Ring 








Outer Edge 


0.6456 '■ 


2.383 days 


of Ring 








MinMs 




0.94242 '• 


4.3903 " 


Bnceladus 




1.37022 days 7.061S " 


Tclhyi 




1.887796 " 


iaS33 


Dione 




2.736913 " 


17-751 " 


Rhea 




4-517500 '■ 


34-630 " 


Titan 




15945417 " 


186.05 " 


Hyperion 




21.277396 ■' 


373-06 " 


Japetut 




79-329375 " 


1580.1 '• 


Pkabe 




546.5 


20712. 


Uranm Ariel 


10.1112 hrs. 
(cf. A. N. 3992 


2.520383 " 


33 7 '4 " 


Umbriel 




4.144181 ■■ 


65-435 " 


Titania 




8.705897 " 


176.0S " 


Oberon 




13-463269 " 


3'4^3 " 


Neptune Satellite 


12.84817 hrs. 
(ef. AM 3992 


S-87690 " 


141-8 



Now the planets and satellites could be formed in but one 
of two possible ways: (i) They might conceivably have been 
detached from the central masses which now govern their 
motions, by acceleration of rotation, as supposed by Laplace. 
(2) They might have been original nuclei captured in the 
midst of the solar nebula, and afterwards gradually built up 
by the agglomeration of more cosmical dust, while at the same 
time the orbital motion in this resisting medium would have 
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reduced the major axes and eccentricities of their orbits and 
thus produced the near approach to perfect circularity now 
observed in our solar system. 

We have, however, just proved, by the application of Babi- 
net's criterion, based on the law of areas, that these bodies 
could not have been detached from the central masses about 
which they now revolve. Accordingly it follows that they were 
all captured, and have since had their orbits reduced in size 
and rounded up under the secular action of the resisting 
medium formerly pervading the planetary system. 

From this unexpected ctmclusion there is absolutely no 
escape; for we may prove this by the following reasoning. 
The effect of a resisting medium in reducing the major axis 
and eccentricity of the orbit of the resisted body is fully rec- 
ognized, and has been known for more than a hundred years. 
The formulae for the changes of these two important elements 
may be reduced to the form 

*» = — TIT-^T tM' I- + periodic tenns] ... (3) 

r ( 1 + "*J 

8^ = [/iei' + periodicterms] (4) 

t 

where p is the parameter of the orbit, a the semi axis major, / 
the eccentricity, v the true anomaly, and m \he mass of the 
resisted planet, and A and A' constants. As both of these 
expressions are negative, it follows that under the secular 
action of a resisting medium the major axis and eccentricity 
always decrease. In deriving these formula, however, the 
density of the resisting medium is supposed to increase towards 
the center, conformable to what is observed in the nebulae and 
shown to result from the theory of gases. 

Laplace himself has discussed this question with character- 
istic penetration in the Mhanique Celeste (Liv. X, ch. VII, 
% 19). He shows that when the density of the medium, repre- 
sented by 9 (-^) increases towards the Sun, the semi axis 
major and eccentricity always decrease ; and finally remarks : 
"Therefore at the same time that the planet approaches 
towards the Sun, by the effect of the resistance of the medium, 
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the orbit will become more circular." It is surprising that it 
did not occur to the author of the Micanique Celeste that the 
roundness of the orbits of the planets and satetlttes could be 
explained by a resisting medium quite as easily and simply 
as by the theory of a rotation which would gently detach these 
masses and set them revolving in orbits which are nearly cir- 
cular, especially since the nebular hypothesis itself necessarily 
implies the existence of such a medium where the planets and 
satellites now revolve. Lapi-ace merely remarks that if the 
nebula filled the whole of this space the bodies would encoun- 
ter such resistance as to cause them to fall into the Sun ; but 
in making this statement he overlooked the fact that most of 
the nebulous matter did go into the Sun and planets, and it is 
from this circumstance that the central masses became so pre- 
ponderant, while the attendant bodies are in all cases so very 
small. 

During a recent conference with my friend Professor George 
Davidson, I mentioned Laplace's proof that a resisting 
medium had formerly acted against Jupiter's satellites I, II, 
III, to bring about a near approach to commensurability in 
their mean moticms, and thus enable their mutual attraction 
to establish a rigorous relationship under the influence of this 
slowly acting cause. This venerable astronomer justly re- 
marked: "Laplace had the true cause in sight, but he did 
not carry it far enough to discover the actual process by which 
the solar system was formed." 

Evidently Laplace had not tested his nebular hypothesis 
by the criterion based on tlie conservation of areas, afterwards 
proposed by Babinet, and it simply did not occur to him that 
the circularity of the orbits pointed unmistakably to the secu- 
lar action of a resisting medium. As the very existence of a 
nebula implies resistance to bodies revolving within it, this 
oversight is the more remarkable ; and unfortunately not only 
was Laplace's reasoning vitiated, but an equally disastrous 
effect exerted on all other investigations in cosmical evolution 
for more than a century, because all mathematicians followed 
the same line of thought, on the false premise that the planets 
and satellites were detached from the central bodies which 
now govern their motions. 
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If in the light of this new theory of the shaping of the orbits 
under the secular effects of resistance we examine our solar 
system carefully we shall find many phenomena confirming 
the fonner existence of such a medium in our system. 

It must suffice here to call attention to but a very few of 
the numerous survivals of the primordial resisting medium 
still shown by our system: — 

( 1 ) The rapid motion of F^hobos, the inner satellite of Mars, 
which has been brought down near the planet by resistance, 
till it now revolves in less than a third of the time of the 
planet's rotation. It is true that Professor Sir G. H. Darwin 
explains this motion of Phobos by a tidal retardation of the 
axial rotation of Mars, but in view of the large part undeniably 
played by the resisting medium in the formation of our sys- 
tem as a whole this explanation will not hold, though a very 
small part of the observed effect may be traceable to tidal 
friction. 

(2) The famous inequality in the motions of the three 
inner Galilean satellites of Jupiter, which point unmistakably 
to a resisting medium, as was sagaciously pointed out by 
Laplace in 1796. His remarks on this subject are as valid 
and convincing as any which could be made to-day. 

(3) The observed rapid motion of the inner ring of Saturn, 
which greatly exceeds the axial rotation of the planet The 
rings evidently were never detached from the planet, but sim- 
ply survive out of a much larger mass of cosmical dust which 
has been absorbed in building up the mass of Saturn. All the 
ilata in the table relative to Babinet's criterion bear on this 
same question. 

{4) The general fact that the satellite orbits are so round, 
and in general rounder and rounder the nearer we approach 
the planets, confirms the capture of these bodies in a medium 
which was denser towards these centers. The roundness of 
the satellite orbits shows that resistance was very effective 
from Mars to Neptune, and therefore no doubt throughout 
our whole solar system. 

(5) The retrograde motion of Saturn's satellite Phcebe and 
Jupiter's eighth satellite is likewise to be explained by the 
capture of these bodies. Whatever may have been their orig- 
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inal eccentricities at the time of capture, even retrograde 
directed bodies could have survived, because the medium 
against which they revolved was of very slight density at that 
great distance from the planets. This slight density of the 
resisting medium at this distance is also indicated by the 
survival of considerable eccentricities in the orbits of these 
two satellites. The eccentricity of the orbit of Phcebe is given 
as 0.22, that of Jupiter VIII ae 0.44, which are certainly 
anomalous enough to excite our suspicion. It is not by chance 
that retrograde motion in these two cases is associated with 
the highest eccentricities observed among all the satellites thus 
far discovered. 

(6) The orbits of the asteroids have been gathered into 
their present positions mainly by the action of Jupiter and of 
the resisting medium. Originally they were more widely dis- 
tributed over the whole system than at present ; but even now 
they overlap the- orbits of Jupiter and Mars, and there may be 
others of still wider range. 

(7) The extreme roundness of the orbit of Neptune is a 
clear indication that this planet moved for a long time against 
a vast amount of nebulous resistance. Therefore it is very 
improbable that our planetary system terminates with Neptune. 
In all probability there are several more planets beyond the 
Present boundary of the system, some of which may yet be 
discovered. 

(8) The equatorial accelerations noticed on the globes of 
the Sun and of Jupiter and Saturn are to be explained by the 
falling in of matter revolving in vortices about these bodies. 
As the orbital motion of this matter near these bodies exceeds 
that depending on the axial rotation, the falling particles 
necessarily produce an equatorial acceleration. This process 
may still be going on ; at any rate, it has been in progress so 
recently that the effects still continue. 

{9) The solar system was formed from a spiral nebula, 
revolving and slowly coiling up under mechanical conditions 
which were essentially free from hydrostatic pressure. And 
spiral nebula themselves arise from the meeting of two or 
more streams of cosmical dust. The whole system of particles 
has a sensible moment of momentum about some axis, and 
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thus it begins to whirl about a central point, and gives rise to 
a vortex. In the actual universe the spiral ncbuUe arc to be 
counted by the hundreds of thousands, if not by the million, 
and it is evident that they all arise from the automatic wind- 
ing up of streams of cosmical dust, under the attraction of 
their mutual gravitation. The two opposite branches of the 
spiral nebulae, so often shown on photographs, represent the 
original streams of cosmical dust which are coiling up and 
forming gigantic spiral systems. 

(10) When the nebula rotates and the coils wind up in such 
a way as to leave open spaces between the coils, or at least 
freedom from sensible hydrostatic pressure, the usual result 
is the development of a system made up of small bodies, such 
as the planets compared to the greatly preponderant Sun, or 
the satellites compared to the much greater planetary masses 
which control their motions. In the solar system where the 
conditions are accurately known this is proved to have oc- 
curred ; and it was repeated so many times, always with uni- 
form results, giving a large central mass and small attendant 
bodies, that the general law for this condition is clearly 
established. 

(11) If the streams so converge that the nebulous mass 
becomes very concentrated at the center, so as to become a 
figure of equilibrium under the pressure and attraction of its 
parts, the nebula may divide into a double star, as I have 
elsewhere inferred from the researches of Poincah^ and 
Darwin on the figures of equilibrium of rotating masses of 
fluid. 

(iz) Now both of these forms of develoimient, depending 
on variations of the two processes, are abundant in the actual 
universe, and probably almost all of the apparently single stars 
are surrounded by systems of planets. At least one fifth of all 
the stars are estimated to be double or multiple. If we assume 
the chances of the two forms of development to be equal we 
may calculate from the preponderance of small bodies actually 
found in the solar system — eight principal planets, twenty-five 
satellites (besides our Moon), and 625 asteroids — that the 
chances of a nebula devoid of hydrostatic pressure producing 
small bodies is about 2"' to i, or a decillion decillion (10") to 
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the sixth power, to unity. This figure is so very large that we 
shall content ourselves with illustrating a decillion decillion, 
and for this purpose we avail ourselves of a method employed 
by Archimedes to illustrate his system of enumeration. 
Imagine sand so fine that 10,000 grains will be contained in 
the space occupied by a poppy seed, itself about the size of a 
pin's head ; and then conceive a sphere described about our Sun 
with a radius of 200,000 astronomical units {aCentauri being 
at a distance of 275,000), entirely filled with this fine sand. 
The niunber of grains of sand in this sphere of the fixed stars 
would be a decillion decillion (10"). All these grains of sand 
against one is the probability that a nebula devoid of hydro- 
static pressure such as that which formed the planets and 
satellites will lead to the genesis of such small bodies revolving 
about a greatly predominant central mass. 

This is a very brief and inadequate outline of a few of the 
leading points in a very large investigation with which I have 
been occupied. Most of these results were established over six 
months ago, and I have had opportunity to discuss them with 
several experienced astronomers. It is hoped that the whole 
investigation may appear as Volume II of my "Researches on 
the Evolution of the Stellar Systems" ; but it seemed advisaUe 
10 communicate this brief summary of some of the most inter- 
esting points without further delay. 

The effect of this work will be to give the theory of the 
resisting medium the highest importance in all researches 
relating to the history of the universe. It is very remarkable 
that the principal secular effects of this cause are exactly 
opposite to those due to tidal friction as investigated by 
Darwin. For while tidal friction usually increases the major 
axis and eccentricity of an orbit, the resisting medium as regu- 
larly decreases both of these elements. In the actual physical 
universe both causes are at work together, sometimes one 
influence predominating and then the other. Resisting medium 
is relatively most effective in a system made up of a large 
central sun, and small attendant bodies such as the planets 
of our solar system, and in the systems of satellites dominated 
by large planets. Tidal friction is most effective in systems 
made up of two large masses, such as the double stars. 
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It has seemed important to call attention to the cause of the 
roundness of the orbits of the planets and satellites, because 
it appears likely that the criteria now introduced may go far 
toward clearing up the mystery which has always surrounded 
the origin of the solar system. 

In all the celebrated speculations of the distinguished astron- 
omers who have occupied themselves with the genesis of our 
solar system, four phenomena have ever been foremost: (1) 
The great circularity of the orbits; (2) The small inchnations 
and the cwnraon direction of the orbital motion; (3) The 
smaliness of the attendant planets and satellites compared to 
the large central masses which govern their motions; (4) The 
regularity and order everywhere found in our system, the dis- 
tances, masses, and mutual relations of the orbits being such 
as to secure maximum stability and perpetuity. All these 
phenomena and many others are now perfectly explained by 
a simple theory, which also conforms to the laws of spiral 
development observed in the sidereal universe. A simple and 
obvious theory which accounts for the known phenomena 
while all other theories are involved in contradiction, will 
naturally have a strong claim to acceptance. Indeed we cannot 
refuse our assent to it without violating the recognized rules 
of natural philosophy as formulated by Newton in the 
Principia. 
U. S. Naval Obsehvatosy, 

Make Island, Cal., January 30, igog. 



PHOTOGRAPHS OF COMET c 1908 (MOREHOUSE). 

By a. Estzlle Glancv. 

From September igth until December 15th, at which latter 
date the comet could be followed only long enough to photo- 
graph the head, exposures have been made at the Lick Observ- 
atory on every favorable occasion. Successful exposures were 
made on twenty-eight nights. The nights omitted were un- 
favorable,' by reason of too strong moonlight, clouded sky, or 

' The number of unfavorable nighn was unusually Urge ihi« ytai. 
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high winds. The Crocker photographic telescope was used in 
this work. This instrument carries two cameras, — a Willard 
lens of 15.2"" {6.D inches) aperture and 78.28™ (30.82 inches) 
foca! length, and a Dallmeyer lens of the same aperture and 
82.6"" {32.52 inches) focal length. Hence the scale value of 
the plates taken with the Willard lens is 1° = 1-37*" (o-538 
inch) and that of the Dallmeyer is 1° = 1.44"^" (0.568 inch). 
As soon as the comet had increased sufficiently in brightness 
to allow of a reasonably short exposure time, it was planned 
to use the Willard camera for one plate of fairly strong 
density, and simultaneously to expose in the Dallmeyer camera 
two plates, each of one half the exposure time with the Willard 
camera. By this arrangement each camera was made to serve 
a different purpose. The Willard plate gives a strong image 
of the general appearance of the comet, including the fainter 
portions of the tail : the Dallmeyer plates give more truthfully 
, the actual conditions existing at a given time and permit com- 
parisons to determine the motions of condensations or other 
details of structure in the tail of the comet. It has been 
recognized for several years that intervals of twenty-four hours 
are too long to detect the rapid transformations which take 
place in comets; and a superficial examination of the Willard 
plates shows this to be particularly true of Comet Morehouse. 
So different are some of these plates from the one taken on 
the preceding or the following day that no indications of 
identity are visible at first sight. 

Below is a tabulation of the series of Lick Observatory 
plates, which may be of service to observatories in other 
longitudes : — 



Pullic 


WilUrd 


Cnw 


,^ 


rWlmeytt 


(^me™. 


StuidirdTimc. 
1908. 


Middle of 


DurMioo. 


Expo.^4 


DunUo 


Sept. 19. 


io> 28- 


3" 


0" 


lo" 28" 


3' o" 


27- 


9 33 




30 


9 33 


1 30 


27- 


12 40 




30 


12 40 


I 30 


29- 


8 56 




32 


8 56 


I 32 


29- 


11 20 




30 


12 8 


3 5 


29- 


■ 2 54 




29 
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Oct. i6. 
i8. 



lo 20 1 38 



30- 
Nov. 10. 





58 




3" 


9 


27 




44 




12 




46 


10 







35 


8 


12 




44 




.8 




44 




26 




21 




6 




36 




50 




49 


10 


25 




16 




58 




5 


6 


52 




32 




57 




54 




37 




42 




6 




40 




5 




10 


7 


21 




42 



Middle of 


Dutiliod. 


9 


.54 





47 


10 


4.5 





48 


7 


58 




31 


8 


45 




20 


10 


9 




20 


7 


30 




22 


8 


54 




21 


9 


19 




12 


10 


.38 




20 


7 


28 




16 


8 


51 




26 


7 


24 




16 


8 


47 




26 


7 


24 




15 


8 


.50 




,14 


7 


6 




36 


8 


10 




15 


9 


.14 




22 


8 


46 




I 


9 


54 




13 


10 


2 





30 


10 


40 





45 


6 


46 





45 


7 


20 





20 


6 


28 





45 


7 


16 





45 


7 


25 





.50 


8 


26 





57 


7 


II 





50 


8 


3 





50 


6 


41 





.50 


7 


33 





46 


6 


25 





50 


7 


38 


I 


4 


6 


25 





50 


7 


31 


I 






8 22 O 40 
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Waiard Cuncn. 



Nov. 17. 



Ddhneyer Cunei 


■a. 


Middle of 


Dur 


.u„. 


6 28 





50 


7 22 





55 


8 20 





53 


6 30 





50 


7 27 


: 





7 16 


I 


8 


7 10 





44 


6 24 





29 


6 27 





22 


6 21 





24 



28. 7 10 o 44 

Dec. ro. 6 24 o 29 

11. 6 27 o 22 

12. 6 21 o 24 

The four photographs selected for reproduction were chosen 
because of their striking appearance. The first and fourth be- 
long respectively to the earlier and later half of the period 
under observation; the second and third occurring near the 
middle of the series, demonstrate the changes which may be 
expected in two days. Since no reproduction by mechanical 
processes can do justice to the original negatives, a description 
of these four plates is given to supplement the illustrations. 

October 24th. — The comet appears on this date in one of its 
quieter phases. In the line of strongest expulsion from the 
head is a long, narrow, dense streamer. On the following side, 
a broad, heavy streamer extends about 4° ,6, On the preceding 
side, a like streamer of greater density and breadth extends 
out to 10°. About 3° from the extremity there is a sharp bend 
in the same direction in which the radius vector' is moving. 
There are two undulations about 2° from the head, and a no- 
ticeable bulging at a distance of about 4°.5. Faint line- 
streamers and one fan-shaped streamer lie outside the main 
tail. The activity in the head is seen to continue well around 
on the side toward the Sun. 

November i6th. — This plate is one of a group showing 
very rapid changes. The tail belongs to the type frequently 
noticed, a central helical structure and outlying, long, narrow 
streamers. The general direction of the tail is one of continued 
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curvature for about 7". The curvature shows that the tail is 
lagging behind the radius vector. From 7° to 11° the tail is 
bent in the opposite direction. The breadth of the tail is due 
to many diffuse and divergent faint streamers. The matter 
which is puffed out, as it were, appears to come from the 
sharp apex of a cone. The clear-cut edges of the cone are 
outlined by single streamers. Within the cone is a dense, wavy 
streamer which inclines toward the following side of the cone 
for about 1°, and then shifts to the opposite side, breaking 
out into the more pronounced spiral structure. The spiral in- 
creases in dimensions until it is finally broken up by the diffu- 
sion of the matter composing it. One is reminded of the 
extraordinary outburst which occurred on October 15th on a 
larger scale. One fine streamer within the cone appears dis- 
tinctly severed ; the broken ends are thrust far apart. It is 
worth noticing that the heavy bright streamer whose outer 
extremity is about 5° from the head, and whose inner extremity 
appears to be disconnected from the main tail, has appeared 
within twenty-four hours. No streamer on the plate of No- 
vember 15th can be identified with it. Short, straight, and 
more divergent streamers define the boundaries of the tail near 
the head. The head itself is unusually small, showing both 
nucleus and coma. 

November i8th. — In general appearance this plate resem- 
bles that of November 17th, but only in type, for there are no 
points of identity immediately recognizable. Nearly all the 
matter composing the tail seems to lie in a well-defined cone 
with an angle of about 21 °. The central portion is very bright 
and of varying density. The outer parts are composed of many 
line- streamers, the greater number of these lying on the preced- 
ing side. The spiral structure is not so definitely suggested on 
this plate as on some of the other plates. The source of the 
densest stream of matter seems to be the well-defined apex of a 
smaller cone within the cone mentioned above. A large-scale 
plate might prove this to be an apparent rather than a real 
effect. The general direction of the tail shows that it is lag- 
ging behind the radius vector. On the following side the 
streamers are few and relatively short, thus leaving a boundary 
defined by the brightest portions of the tail. On the preced- 
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ing side the streamers diverge at an unusually large angle 
from the main tail. On November 17th a similar group of 
streamers was prominent, but the deviation from the main 
direction was less. It should be noted that parts of the 
main tail and the outlying streamers often have corresponding 
irregularities of structure. The head appears larger than 
on November i6th, and is active over the greater part of its 
circumference. 

November 27th. — The definition of the photograph is marred 
by fc^^ng, due to strong moonlight, but what I have called 
the spiral structure is so well marked that this plate was chosen 
in preference to other more perfect ones. The tail structure 
is like that of November i6th. Within the numerous divergent 
streamers is a narrow cone of luminous matter. About o''.4 
from the head it bulges and the wavy streamers (perhaps 
there is but one, which is very erratic) appear to shoot out 
in a conical helix, which is finally dissipated in a broad diffuse 
flare. 

Such a wealth of like data has been gathered by many 
observers in America and Europe that an unusually complete 
history of the comet's behavior may be constructed. Cer- 
tainly no earlier comet has been subjected to such exhaustive 
observations. Photography finds an important usefulness in 
comet work, and Comet Morehouse is a remarkably favorable 
subject for two reasons. In the first place, the orbit plane 
could scarcely be better situated with respect to the Earth. 
With an inclination of 140° to the ecliptic, it cuts the equator 
a little east of the winter solstice, and the point of perihelion 
passage lies but a little south of the equator. Perihelion pas- 
sage occurred on December 26th. Hence, from September ist 
to December the comet was visible in the northern hemisphere, 
and during the early part of this period it was a circumpolar 
object. Five weeks after its disappearance below our horizon 
it became visible to the southern observers under almost as 
favorable circumstances, and it can be followed for several 
months more. Though visually fainter than Comet Daniel 
1907, Comet Morehouse photc^raphed more readily. This is 
due to the fact established by spectroscopic observations here 
and elsewhere, that the radiations lying in the visual regions 
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of the spectrum (red, orange, yellow, green) are weak and 
those in the photographic regions (blue and violet) arc re- 
markably strong. Hence this comet, which appears in the 
visual telescope as an object of little interest, has secured the 
continuous attention of numerous observers. 

Several months stilt remain in which material for study will 
be collected, and it is too early to know the results of the 
evidence already at hand. But it is believed that the photo- 
graphic records of the comet's behavior will increase greatly 
our general knowledge of comets and bear especially strongly 
upon present theories regarding tail formation. 

Extensive series of photographs have been taken by the 
observers at Greenwich, by M, Quenisset and M. Baloet at 
the observatory of Juvisy, and by Professor Barnard at Wil- 
liams Bay. And no doubt the German observers and others 
have been photographing the comet. Extraordinary outbursts 
were recorded by one or more observers on or about Septem- 
ber i6th and 30th and October ist, 6th, and 15th, It is re- 
gretted that because of less favorable weather, none of these 
dates are included in the Lick Observatory series. 

However, perhaps occasional astonishing transformations 
show no more remarkable cometary activity than the less con- 
spicuous and more frequent developments. And it is probable 
that the recurrent types of activity will help most in the solu- 
tion of the problem of tail formation. An early statement on 
this subject is made by the Astronomer Royal of England in 
connection with a preliminary examination of the Greenwich 
plates.' He says: "A study of the photographs shows that 
the form of the comet's tail exhibits a recurring series of 
phases, and that the phase seems to bear a relation to the con- 
dition of the nucleus which passes through cycles of stages 
of alternating activity and quiescence. At the stage of quies- 
cence the comet presents the appearance of a nucleus with 
little enveloping coma, and straight streamers passing away 
at little inclination to the general direction of the tail. The 
coma then grows, envelopes form about the nucleus (on the 
side towards the Sun), and the rays of the tail become more 
spread. The stage of maximum activity is now reached, and 
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larger quantities of matter appear to t>e expelled from the 
head and then driven back, forming a bright wavy tail, the 
streamers t>eing no longer straight, but greatly disturbed. 
The bright tail then appears to be driven off and the stage 
of quiescence follows." 

The presence of parabolic envelopes about the nucleus, such 
as have been seen in the large comets, is well established by 
the Greenwich plates. It is interesting to know that so com- 
plete is the Greenwich series of photographs that the develop- 
ment of these envelopes into straight rays can be watched and 
that the physical changes in the tail can be followed. The 
scries of plates on which are shown the details of the coma 
and that portion of the tail near the head were made with 
the reflecting telescope of thirty inches' aperture and are, 
therefore, large-scale photographs. Before the above-quoted 
article was read, one of the Lick Observatory plates was 
noticed to show traces of a parabolic envelope, but so uncertain 
was the appearance that it was considered to be possibly only 
a photographic effect. 

Other facts about the Lick Observatory photographs are 
equally interesting. Perhaps the most striking fact is the fre- 
quent occurrence of that type of tail structure which is shown in 
three of the illustrations. It appears as if the tail were more or 
less irregularly cone shaped, a skeleton conical surface being 
formed by long, comparatively straight shafts of luminous mat- 
ter ejected from a small area of the nucleus. Having the same 
axis and smaller conical dimensions, there appears to be a 
helix of dense matter which, receding from the nucleus, 
expands from a tightly compressed stream into a diffuse spiral 
until the structure is lost in the dissipation of the material 
forming it. This action has been likened by Dr. Campbell to 
the flame from a waving torch. 

An interesting group of plates falls between the dates 
November 13 and November 18, inclusive. One image of the 
comet is entirely different from the next one, but of recurrent 
type. More resemblance exists between two plates of forty- 
eight hours' interval than between an intervening plate and 
either of these two. Long, bright streamers appear and dis- 
appear in twenty-four hours. For instance, the long streamer 
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5° in length in the illustration of November 16 appeared sub- 
sequent to the exposure of November 15. At any rate, there 
is no streamer on the earlier plate with which it can reason- 
ably be identified. If we assume that matter has been ejected 
to a distance of 5° in one day, the average velocity of reces- 
sion from the nucleus is greater than ninety miles per second, 
for ninety miles per second is roughly the velocity in the direc- 
tion of the tail projected upon a plane at right angles to the 
line of sight. That the phenomenon is an effect of rotation 
is also difficult to conclude. Photographs taken at other 
(^servatories during this interval would help solve the problem. 

Without doubt, the comparison of plates will show accelera- 
tion in the motion of recession from the head. One such rough 
measure has been made from a reproduction of a photograph' 
taken at the Observatory of Juvisy on October i6th, 7'' 45"", 
Paris Mean Time, and two phot(^:i«phs taken at the Lick 
Observatory. October i6th, 10^ 20", and October i8th, 7'' 58", 
Pacific Standard Time. Approximate measures were made on 
the broadening of the tail. The distances on the three plates 
are i°.5, i°.9, and 4°.^. The resulting average velocities of 
recession from the head in the direction of the tail are twenty- 
seven miles (44*°) and thirty-six miles (58*°) per second for 
the first and second intervals, respectively. 

Much work remains to be done, and the detailed results will 
be published in a subsequent Lick Observatory Bulletin. 

Lick Obsgrvatorv, January 28, 1909. 

>Ccmptti RtHiut. MT, lOJJ. 
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PLANETARY PHENOMENA FOR MAY AND JUNE, 
1909. 



By Malcolm McNeill 



PHASES OP THE UOON, I 



Full Moon... 


.May 5, 4" 8" a.m. 


Full Moon....Ju 


ne 3. S' 25'" P.M. 


Last Quarter.. 


" 12, I 45 P.M. 


Last Quarter... ' 


10, 6 43 P.M. 


New Moon... 


■' 19, 5 42 A.M. 


New Moon... " 


17, 3 28 P.M. 


First Quarter. 


. ■■ 26, 5 28 P.M 


Firsi Quarter.. ' 


25.10 43 A.i. 



There will be two eclipses during June. 

The first is a total eclipse of the Moon on June 3d, and it 
will be visible in part at least over the United States, except 
the extreme western portion. For the extreme eastern states 
total eclipse begins shortly before sunset, white for the states 
along the Pacific Coast the eclipse will be about ended at 
sunset. 

The second is a central eclipse of the Sun on June 17th, 
the line of central eclipse running from Siberia across the 
Arctic Ocean and south through Greenland, On the central 
line it is an annular eclipse at the beginning and end of its 
path and a total eclipse in the middle part. It will be visible 
as a partial eclipse in the late afternoon throughout the United 
States, except that part south of a line running from San Fran- 
cisco southeast into the Gulf of Mexico. The local times for 
beginning and end at Ogdcn, Utah, are 4'' 48" p.m, and 
6* 3» P.M. 

The summer solstice, the time when the Sun reaches its most 
northerly point, occurs June 21st, 6*" p.m,, Pacific time. 

Mercury passed superior conjunction with the Sun on April 
1st and became an evening star, and will remain an evening 
star until June 14th, when it passes inferior conjunction and 
becomes a morning star. The month of May affords the best 
time of the present year for seeing the planet. On May ist 
the interval between the setting of the Sun and of the planet 
is just about one hour, and this interval rapidly increases as 



..Google 



Astronomical Society of the Pacific. 8i 

the planet moves out toward greatest east elongation. It is 
increased by the circumstance that the planet is in the northern 
half of its orbit, reaching greatest heliocentric latitude on May 
9th. By the middle of the month the planet does not set until 
nearly two hours after sunset. Greatest eastern elongation is 
reached on May 20tli. The distance from the Sun is then 
22° 23', about an average greatest elongation. After greatest 
elongation the planet and Sun approach each other, but on 
June 1st the planet will not set until an hour and a quarter 
after sunset. It will therei'ore still be visible in the early days 
of June. After passing inferior conjunction on June 14th 
the distance between planet and Sun increases rapidly, so that 
by the end of the month the planet rises about an hour before 
sunrise. 

Venus became an evening star on passing superior con- 
junction April 28th, and wilt remain an evening star until 
after the close of the year. On May 1st it sets only two 
minutes after sunset and remains too near the Sun for naked- 
eye visibility until after the middle of the month, and until 
the middle of June it sets less than an hour after sunset. It 
will not be a conspicuous object until autumn. 

Mars rises at about i"" 40" a.m. on May 1st, and at about 
lib JO" P.M. on June 28th. It moves about 36° eastward and 
12° northward, from Capricorn through Aquarius into Pisces. 
Its distance from the Earth diminishes from 104,000,000 miles 
on May ist, to 64,000,000 on June 30th, and its brightness 
nearly trebles during the two months. It is, however, at the 
end of June only one third as bright as it will be at opposition 
in late September. 

Jupiter is in fine position for evening rfwervation, being 
above the horizon on May ist until about 2* 30" a.m. It sets 
earlier as the month advances, but remains above the horizon 
as late as 10" 40" p.m. on June 30th. It is stationary among 
the stars on May 1st, but begins to move slowly eastward, 
gradually increasing its rate until by the end of June it is 
nearly 5° east and 2° south of its position on May ist. 

Saturn became a morning star early in April. By May ist 
it rises not quite an hour before sunrise, and by June 30th 
it rises about half an hour after midnight. It is in the constel- 
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tation Pisces and moves about 5° east and 2° north during 
the two months. 

Uranus rises shortly after midnight on May ist, and shortly 
after 8'' p.m. on June 30th. It is in Sagittarius, east and north 
of the bowl of the "milk-dipper," and moves somewhat more 
than 1° westward during the period. 

Neptune is in Gemini and is in the western sky in the 
evening. Venus passes a little less than 2° north on the 
evening of June 22A. 
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NOTES FROM PACIFIC COAST OBSERVATORIES. 



Orbits of the Binary Stars 55 Tauri, »* Ursx Minoris. 
and 4aquarii. 

The orbit of 55 rfwri (=0279) was first computed by 
HussEY in 1901, but at that time there was still great uncer- 
tainty as to the form of the apparent ellipse, and the one on 
which his elements were based will not fit the more recent 
observations. The range of uncertainty is now much smaller, 
and it is hoped that the following elements will prove to be 
approximately correct. They are : — 

True Elcmenu. Apparent Orbit. 

P ^ 96.3 years Length of major axis ^ &'.g2 

T = 189S.0 Length of minor axis = o".5i 

e = 0.65 Distance of star from center = o",23 

a = 0.54 Position-angle of major axis := 4S°.o 

R^ 77°.3 Position -angle of periastron ^ 205°.8 
i = ± S5-3 
"=114-35 
Angles increasing. 

No orbit has heretofore been published of the binary star 
n^ Ursa Minoris (=21989), although the angular motion 
since discovery in 1832 exceeds 270°. This is mainly due to 
the uncertainty attaching to the early observations. The fol- 
lowing elements give satisfactory residuals for these observa- 
tions, as well as for the more reliable of my recent measures 
made when the angular separation of the two components was 
less than q".io. Nevertheless the results must be regarded as 
subject to a large degree of uncertainty. They are : — 
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Troe Elemeuii. Appircnl OrtriL 

F = 1 15 years Length of major axis = o"^2 
T = 1902.7 Length of minor axis = o".24 

e = oAj Distance of star from center = o",33 

a ^ o",42 Position-angle of major axis ^ ii''-45 

jj = 16° .3 Position-angle of periastron = i89°.2 

i = ± 62.2s 

u = 165.0 
Angles decreasing. 

The following orbit of 4 Aquarii ( = 1 2729) was computed 
in 1905, because of the very large residuals resulting from the 
ctMnparison of my measures with See's elements. They were 
not published at that time, however, because of the uncertainty 
introduced by the discordance of the early measures. Since then 
Lewis has published an orbit with nearly the same period as 
that here given, but with different geometric elements. For 
this reason it seems desirable to place my results on record, 
especially as they represent the measures of the past four years 
within the limit of error of measurement. They are: — 

True ElemenU. AppHcnt Orbit 

P = 135.6 years Length of major axis = i"-2i 
T = 1S99.8 Length of minor axis = o".57 

^ — 1>-35 Distance of star from center = o".l2 

a =; o".64 Position -angle of major axis = i65°.4 

n = i64°.8 Position-angle of periastron = 22i°.2 

i = ± 62.3 

" = 73-3 
Angles increasing. 

More detailed accounts of these investigations will be pub- 
lished later. „ ^ . 

R. G. Aitken. 
March, igoQ. 

The Period of p Canis Majoris. 

An extensive series of spectrograms of /3 Cants Majoris has 

been obtained. This star was announced as a spectroscopic 

binary a few months ago. The period of velocity variation is 

very close to six hours. This star, therefore, has a shorter 
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period than any other known spectroscopic binary except 
P Cephei. The period of ^ Cephei was found by Frost to be 
4" 34°-2- 

The velocity of p Cants Majoris, reduced to the Sun, varies 
between + 23^" and -f 42'"" per second. The interval between 
greatest positive and greatest negative velocity is two and a half 
hours. It is fortunate that the star is bright (2.6 phot. mag.). 
In fair seeing, and with a stit-width of 0.0013 itich, an exposure 
of eighteen minutes produces a well-exposed spectrogram. If 
an exposure of two hours had been required, the binary char- 
acter of this star might easily have escaped detection. 

It is not impossible that some of the fainter stars having 
broad and fuzzy lines are spectroscopic binaries of short period. 
On such stars it will be necessary to reduce the exposure time 
as much as possible, by using a wide slit and probably also a 

'^ Sebastian Albrbcht. 

February, 1909. 

The Visibility of Mt. Whitney from Mt, Hamilton. 

In a note in No. 124 of these Publications, I stated my rea- 
sons for thinking that Mt. Whitney was visible from Mt. 
Hamilton. Professor Wright has made some further inves- 
tigations and computations on this matter and concludes that 
it is not Mt. Whitney but the Kaweah Peaks which I have 
observed. 

The identification of Mt. Whitney in my note depends to a 
great extent on the computed bearing, which appears to be in 
error by a sufficient amount to make it coincide with the ob- 
served bearing of the Kaweah Peaks, and that Mt Whitney is 
in reality just obscured by Milestone Peaks and the ridge 
which extends from them to the southwest. 

April 2. 1909. ^- ^- Perrine. 

Lectures at Berkeley. 
The following course of lectures was given during the pres- 
ent semester before the class in Modern Astronomy at the 
University of California: — 
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Dr. Joseph H. Moore. Assistant Astronomer Lick Observa- 
tory — Thursday, March i8th, and Saturday, March 20th. 
Subject, "Periodic Variable Stars." 

Dr. George E. Hale, Director Mt. Wilson Solar Observa- 
tory — Saturday, March 27th. Subject, "Solar Vortices 
and Magnetic Fields." 

Dr. R, G. AiTKEN, Astronomer Lick Observatory — Tuesday, 
March 30th; subject, "Comets," Thursday, April ist; 
subject, "Visual and Spectroscopic Binary Stars." 

R. T. Crawford. 

Resignation of Astronomer Perrine. 

Dr. Charles Dillon Perrine, of the Lick Observatory 
■ staff, has been appointed Director of the Argentine National 
Observatory at Cordoba, in succession to the late Dr. Thome. 
Dr. Perrine left Mount Hamilton on March 29th, en route to 
Cordoba. 

Dr. Perrine's astronomical career has been a remarkable one 
in many particulars. Prevented by circumstances from secur- 
ing an academic education, he nevertheless looked forward to 
engaging in astronomical work. Resigning an important com- 
mercial position in 1893, he came to the Lick Observatory in the 
capacity of Secretary, with the fixed purpose of devoting his 
spare time to the study of astronomical and related subjects, by 
way of preparation for later observatory duties. In 1895 his 
title was changed to Secretary and Assistant Astronomer. He 
was appointed Astronomer in the Lick Observatory in 1905. His 
first successes, the discovery of thirteen comets (1895 to 1900). 
were made as a result of systematic searches undertaken out- 
side of his assi^ed duties. Dr. Perrine was awarded the 
Lalande Prize of the Paris Academy of Sciences in 1897, and 
the gold medal of the Mexican Astronomical Society in 1O05. 
He was elected Associate of the Royal Astronomical Society 
in 1904. He received the degree of Doctor of Sciences from 
Santa Clara College in 1905. 

The writer recognizes with pleasure that Dr. Perrine's con- 
tributions to our knowledge of comets, of satellites, of solar 
eclipse phenomena, of nebuUe and star clusters, of solar 
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parallax, etc., are important factors in tlie history of the Lick 
Observatory. He regrets, — giving expression to only one of 
many feelings, — that he and Dr. Perrine, who have observed 
three eclipses together, will probably not be able to observe 
a fourth eclipse in common again. It is a great satisfaction, 
however, to know that Dr. Perrine's experience and skill, 
acquired in the Lick Observatory, will be devoted to the devel- 
opment of astronomy in the southern hemisphere. 

The sentiments of the Observatory community concerning 
the departure of Mr. and Mrs. Perrine were expressed 
through the presentation of a loving-cup. 

W. W. Campbell. 
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GENERAL NOTES. 

Variation of Latitude. — In the Astronomische Nachrichten 
No. 4287 Dr. Albrecht publishes an article giving provisional 
results of the International Latitude Service on the southern 
parallel during the interval 1906.4 to 1908.4. The proEpramme 
of work for the southern parallel is similar to that of the 
northern parallel and the chief interest in the results centers 
about the ^-tenn, which represents that part of the variation 
which is independent of the longitude of the place of observa- 
tion, and which, at one time, was thought to be due to a 
periodic movement of the center of gravity of the earth along 
the axis of rotation. The observations show this term to have 
practically the same value for the southern parallel as for the 
northern, which shows that the above-mentioned hypothesis 
cannot be a true one. There is a phase difference of about 
one tenth of a year between the two values of the j-term, but 
the number of observations made on the southern parallel is 
not sufficiently great to demonstrate the reality of this part 
of the phenomenon. 

Dr. Albrecht makes the statement that the ot>servations at 
Bayswater, Australia, would be discontinued at the end of 
January, 1909. The work at Oncativo, however, was taken 
over by the Argentine Republic in July, 1908, and will be 
continued for an indefinite length of time. 5. D. T. 

Notes from "Science." — Mr. R. James Wallace, who has 
for several years past been engaged in photographic research 
at the Yerkes Observatory, as instructor in photophysics, 
has resigned his position there to become director of the 
research laboratory of the Cramer Dry Plate Company, of 
.St Louis. It is a promising evidence of appreciation of 
research that a commercial company engages the services of a 
scientific investigator for the improvement and further devel- 
opment of its products. 

Dr. George E. Hale, of the Solar Observatory of Mount 
Wilson, has been appointed a delegate to represent the National 
Academy of Sciences at the Darwin Celebration at Cambridge. 
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Solar Eclipse. — In Monthly Notices, November, 1908, Dr. 
Downing gives details of the total solar eclipse of 191 1, April 
28, at Neiafu, on Vavau Island, in the South Pacific, The 
meteorological conditions are only fairly promising. 

Professor W. W. Payne has retired, under the Carnegie 
Foundation, from the directorship of the Goodsell Observatory 
of Carlton College, and is succeeded by Dr. H. C. Wilson. 
Professor Payne still retains the ownership and editorship of- 
Popular Astronomy. 

Professor E. Becker, Director der Kaiserlichen Universi- 
tates Stemwarte zu Strassburg, has been made professor 
emeritus and has been succeeded by Professor J. Bauschinger, 
Director des Astronomischen Recheninstituts in Berlin. 

Dr. Sn»NEY D. Townlev, of Leiand Stanford Junior Uni- 
versity, was recently promoted to an associate professorship 
in applied mathematics. 

Atlrophyiict, Proposed Professorship at Cambridge. — The Council 
of the Senate report that they have had under their consideration the 
position of the study of astrophysics in the university, in conneclion 
with the offer of the Royal Society to give to the university the equip- 
ment of Sir WiujAM Muggins's observatory. 

The study of astrophysics, which is growing rapidly and resulting 
in large accessions to knowledge, has a special interest (or the Univer- 
sity of Cambridge, from the fact that it is so intimately associated 
with the work of Sir George Stokes on the meaning of the Fraun- 
hofer lines in the solar spectrum. In i88<) the late Mr. R. S. Mewall 
gave to the university a large refracting telescope specially adapted 
for the study of stellar physics, and the sole charge of this telescope 
was entrusted to his son, Mr. H. F. Newaix, under conditions which 
he generously accepted. For the last eighteen years the work of the 
department has been most successfully carried out by Mr. H.. P. 
Newall, and important scientific results have been obtained. In 1905 
the department was strengthened by the McClean bequest of £5000 for 
the provision of improved instrumental equipment for the Newall 
observatory, and now the possession by the university of the instru- 
ments used by Sir William Hcggins will further increase the means 
of observation at the disposal of the department 

In 1907 an assistant in astrophysics was appointed for five years, 
who is paid iioo a year by the university and iioo a year by Mr. 
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Newall. The university is fortunate in having for so long a time 
had the advantage of the gratuitous and most generous services of 
one who stands in the front rank of astrophysicists, and Mr, Newall's 
eminence in the study is undoubtedly one of the reasons which 
prompted the Royal Society — at the suggestion, as the council under- 
stand, of Sir William Huggins himself — to make their recent offer. 

The Council of the Senate are of opinion that the time is opportune 
for giving further recognition in Cambridge to astrophysics. They 
have consulted the General Board of Studies, and with their approval 
desire to recommend to the Senate the establishment of a professorship 
of astrophysics, without stipend, and limited to the tenure of office 
of the first professor, in accordance with Statute B. ' The Coimcil rec- 
ommend accordingly. — London Standard. 

Royal AslroHomical Society. — The annual meeting of the Ro3'al 
Astronomical Society was held at Burlington House February I2th, 
Mr. H. F. Newall, the president, occupying the chair. 

The president, on behalf of the members, extended a cordial welcome 
to Professor 0. Backlund, Director of the Observatory, Fulkowa, 
Russia, to whom the society's gold medal had been awarded for his 
researches concerning the cotnet which was first observed in 1786, and 
has borne the name of Encke since that astronomer in 1819 established 
its periodicity. Professor Backlund had calculated the perturbations 
from 1819, and had demonstrated that the motion of the comet was 
constant to 1858, and then, after having diminished, was again constant 
during the period between 1851 and 1891. He had given an interest- 
ing account of the value of the forces opposing the motion of the comet, 
and had applied himself to a difficult branch of research with a measure 
of devotion and success which made it the desire of the society to 
express its admiration of his scientific achievements. Amid loud cheers 
the president handed the gold medal to Professor Backlund. 

The Jackson-Gwilt bronze medal and gift were handed to Mr. P. 
Melotte, of the Royal Observatory. Greenwich, in recognition of his 
discovery of the eighth satellite of Jupiter. 

The president, in an address, suggested for consideration the ques- 
tion whether the main characteristics of the spectroscopic phenomena of 
the Sun and stars are dictated mainly by matter constantly streaming 
in upon them, and not by matter within them. 

A ballot resulted in the election of Sir David Gill as president of the 
society for the coming year. — London Times. 
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NEW PUBLICATIONS. 

Abetti, Antonio. Osservazioni astronomische fatte all' equa- 
toriale di Arcetri nel 1907. Firenze. 1908. 4to. 76 pp. 
Paper. 

Almanaque nauUco para el alio 1910, Calculado de orden de 
la Siiperioridad en el Institute y Observatorio de Marina 
de San Fernando para el meridiano de Greenwich. San 
Fernando. 1908. 4to. 621 pp. Paper. 

Andre, Ch. Les planetes et leur origine. Paris. 1909. 8mo. 
386 pp. Paper. 

Annuaire Astronomique pour 1909. De I'Observatoire Royal 
de Betgique. Bruxelles. 1909. i6mo. 605 pp. Qoth. 

Annuario del Observatorio de Madrid para 1909. Madrid. 
1908. i6mo. 525 pp. Boards. 

Brill, Alfred. Uber die Elastizitat der Erde. Inaugural- 
dissertation. Gottingen. 1908. 8vo. 67 pp. Paper. 

H.^RTWiG, Ernst. Katalog und Ephemeriden veranderlicher 
Sterne fur 1909. Leipzig. 1909. 8vo. 90 pp. Paper. 

Jaecebmann, Richard. Die Bewegung der Kometen- 
schweifmaterie auf hyperboHschen Bahnen. St. Peters- 
bourg. 1908. Folio. 80 pp. Paper. Price, 4 marks. 

Memoirs of the Royal Astronomical Society. London. 1908. 
4to. Boards. 

Vol. LVII, Part III, Tables for computing standard 
co-ordinates on photographic plates. Arthur R. Hinks. 
»3PP- 

Vol. LVII, Part IV, Proper motions of faint stars in 
the Pleiades. F- J. M. Stratton. 

Double-star observations, 1902-1907. William H. 
Maw. 32 pp. 

Appendix II to Vol. LVII, The distribution of blue- 
violet light in the solar corona on August 30, 1905, as 
derived from photographs taken at Kalaa-es-Senam, 
Tunisia. 32 pp., with two plates. 

Vol. LVIII, Observations of thirty-one variable stars. 
N. R. PoGSON. 142 pp. 

Vol. LIX, Part I, Theory of the motion of the Moon; 
containing a new calculation of the co-ordinates of the 
Moon in terms of the time. Part V. Ernest W. Brown. 
103 pp. 
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Vol. LIX, Part II, Second index catalc^e of nebulae 
and clusters of stars ; containing objects found in the years 
1895 to 1907, with notes and corrections to the new gen- 
eral catalogue and to the index catalt^ue for 1888-1894. 
J, L. E. Dreyer. 93 pp. 
NvRfeN, M. Asoensions droites moyennes de 396 Voiles pour 
I'epoque 1900.0. St. Petersbourg. 1908. Folio. 12 pp. 
Paper. 

Declinaisons moyennes de 1375 ^toiles pour I'epoque 

1900.0. St. Petersbourg. 1908, Folio. 66 pp. Paper. 

Observations faites au cercle meridien en 1907. Observatoire 

d'Abbadia, Hendaye. 1908. Folio. 349 pp. Paper. 
Observatoire d'Alger. Catalogue photograph ique du ciel. 

Paris. 1908. Folio. 214 pp. Paper. 
Parallaxenbestimmungen an dem Repoldschen Heliometer der 
Leipziger Stemwarte. B. Peteb. Leipzig. 1908. 4to. 
14 pp. Paper. Price, 80 pfg. 
Publikationen des astrophysikalischen Observatoriums zu Pots- 
dam. Potsdam. 1908. Folio. Paper, 

Photographische Himmelskarte. Zone -f- 31 ° bis -|- 40° 
Deklination Katalog. Erganzungen und Berichtigungen 
zu den Banden I-IV. A Biehl. 34 pp. 

Nr. 46, Funfzehnten Ban des, zweites Stuck, Unter- 
suchung uber das 80™ Objecto des Potsdamer Refraktors. 
J. Hartmann. Mit 44 Figuren im Text und 11 Tafeln. 
106 pp. 

Nr. 59, Zwanzigsten Bandes, zweites Stiick, Katalog 
von Doppelstemen der photograph ischen Himmelskarte 
aus der Zone von +31° bis +40° Deklination. J. 
ScHEiNER. 43 pp. 
Struve, Hermann. Beobachtungen des Saturnstrabanten Titan 
am Konigsberg und Berliner Refractor. Berlin. 1908. 
4to. 44 pp. Paper. 
Tablas para el calculo de conjunctiones geocentricas de las 
satelites de J&piter. Don Salvador GarciA Francas y 
Don Pedro Charlo y Justo, San Fernando. 1908. 4to. 
27 pp. Boards. 
Transactions of the International Union for Co-operation in 
Solar Research. Vol. II. Manchester. 1908. 8vo. 244 
pp. Qoth. 
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Minutes of the Meeting of the Board of Directors Held 

IN the Hall of the California Club, 1750 

Clay Street, San Francisco, March 27, 

1909, at 7 130 p. M. 

The following Directors were present : Bukckualter, Townley, 
MoKSE, Gushing, Hale, Galloway, and Gkawfobd. President Burck- 
HALTEs presided. 

The report of the Nominating Committee was presented and ac- 
cepted, 

A written report was presented by the committee on location. After 
discussion it was moved and seconded that the President and Secre- 
tary be empowered to lease the room in the Phelan Building recom- 
mended by the committee, the rental being $20 per month. Carried. 

The Secretary presented and read a letter from Dr. G. W. HtLL 
accepting very gratefully the Bruce Medal for igog. 

The following' were elected to membership: 

Miss Flokekce Brown, 2702 Virginia Street, Berkeley, Cal. 

Mr. H, C. WniiAMS, 1476 Washington Street, San Francisco. 

The following were elected institutional members: 

Philadelphia Observatory— Broad and Green Streets, Philadelphia, 
Pennsylvania. 

Smith College Library — Northampton, Massachusetts. 

Washington University Library — St. Louis, Missouri. 

Exchange with the Gatette Atlronomigue of the "Sociftc d'Astrono- 
mie d'Anvers" was authorized. 

The minutes of the last meeting of the Board were approved. 

Adjourned. 



Minutes of the Twenty-First Annual Meeting of the 

Astronomical Society of the Pacific, Held in 

the Hall of the California Club, 1750 

Clay Street, San Francisco, March 

27, 1909, AT 8 p. M. 

President BiniCKHALtEtt presided. 

The minutes of the last meeting of the Society were approved. 
The report of the nominating committee was presented and printed 
ballots distributed, after which the polls were opened. The polls were 
closed at 9 p. m. and Messrs. McAdie and Baird were appointed tellers 
to canvass the returns. 

The report of the auditing committee was presented by Chairman 
Zeel. 
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Moved and seconded that the report be received and all criticising 
matter be stricken out. 

A motion to table the report temporarily was made, seconded and 
carried. After the address of the evening the previous question was 
put and carried. 

Mr. ZiEL presented a further report concerning a certain adjustment 
in the funds. No action. 

The annual report of the Treasurer was presented by Director Gal- 
loway in the absence of Treasurer Richardson. The report was 
accepted. 

The following resolution was introduced : 

Rtsolved, That all the acta appearing in the minuUi of the meetinii of the 



The Secretary presented and read the letter of Dr. G. W. Hill 
accepting the Bruce Medal. 

President Burckhalter formally presented the Bruce Medal for 
1909 to Dr. G. W. Hill. As Dr. Hiu. could not be present to receive 
the medal, the President directed the Secretary to send it to him with 
expressions of good wishes and the high esteem in which the Society 
holds him. 

President Burckhalter then introduced Dr. George Ellory Hale. 
Director of the Mount Wilson Solar Observatory, who delivered a 
most interesting address upon "The Work of the Mount Wikon Solar 
Observatory." The lecture was profusely illustrated with stereopticon 

Upon the conclusion of the address it was moved and seconded that 
a vote of thanks be given to Dr. Hale. The motion was carried by a 

The tellers reported that the following had received a majority of 
the votes cast for Directors: C. Burckhaltd. W. W. Caupbell, G. E. 
Hale, F. Morse, R. G. Aitkek, D. S. Rjcharoson, W. H. Crockm. 
C. S. CusHiNC, J. D. Galloway, R. T, Crawford, E. J. Moleba. 
These eleven were then declared elected to be Directors for the ensuing 
year. 

The tellers reported that the following had received a majority of 
the voles cast for Committee on Publication: S. D. Townley, J. D. 
Maddrill, H. D. Curtis. These three were then declared elected to 
be members of the Committee on Publication for the ensiting year. 

Adjourned. 
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Comet b igoB, Ehcie's comet, wis obeetvcd on iti return by Mr. R. Woodoate, 
I Ibc C>pe ef Good Hope, on M*y 17, 1908. 

Comet CI90B, in unenpected oomel. WW diecoTCted (pholagnphieally) by 
'rofeuor D. W. MoUHOUlt, at the Yerkei ObKmtory. on September i, 1908. 

The Donohoc Comet-Medal of the Astronomicil Society of the PaciRc b» been 

The namber of 



w. 


w 


. Cmi 


c. 


l> 


l^»l 


s. 


D. 


Tow. 



Treasurer's Report, 

General Statement of tbe Funds of the Astkonouical Society of 

THE Pacific on March 27TH, 1909. 

In the William Alvord Fund t S.aoS jti 

Alexander Monigomery Library Fund 3,818 ji 

Denohoe Comel-Mcdal Fund ?»? 68 

Bnice Hedal Fund 1.65194 

Life Membenhip Fond 1.014 36 

John Dolbeer Fund S.ooo 00 

General Fund S55 it 

Total $19,985 fii 

ASSETS. 

Bonds on depoait in the Metcanlile Tnitl Co ..Si4.4<8 01 

Caifa on depoail Humboldt Savings Bank 331 94 

SavingB and Loan Society. ---....-<...>...--.-....-> 437 06 

■' " " Security Savings Bank 6sg 4« 

San Francisco Savinf* Union jar 68 

Uulual Savings Bank 663 *t 

" German Savings and Loan Society 9*4 a' 

Union Trust Company. 97018 

' Donoboe-Keily Banking Company 8S3 56 

ToUl 1 19,98: 61 

Transactions of the Astronomical Society of the Pacific for the 
Fiscal Year Ending March 27, 1909. 

william alvord fund. 

Balance March 38, 1908 — 

Bonds with Memnlile TniM Company t 4,139 56 

Cash in Hamboldt Savings Bank 331 94 

Cash in Savings and Loan Society 437 06 

lotereat received on Bonds during year aoo a« 

On Humboldt Bank Deposit 13 53 
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InterMt on Bondi Inniferred to CenenI Fund two 00 

On Humboldt B*nk Dcpoiil. Gcnrnl Fuod ij sj 

On SiTinct uid Loin Drpoiit. General Fund S 74 

BiUncc March 17, leoe $ S.DoS 56 

Dk. BRUCE MEDAL FUND. 

Balance March iB, 1908— 

Bond* in Memnlile Tnial Comptnjr | i.^tf ji 

Caib in Mntna] Sanogi Bank Bji ii 

InWreit receioed on Bondf durint year io« oo 

On Mutual Sivingi Bank Depoait S> 03 

Refund br French Mint 64 

t a.9S4 «o 
Cn. 

By one fold medal from French Mint (too 00 

Eipreuafe and poiuse S 00 

Tranafer 10 Life Hembenhip Fund i$C 66 

Balance March 17, 1909 f *.ti* 04 

DONOHOE COMET MEDAL FUND. 
Dl 

Balance Caah March 3$. 190S. in San Franciieo Savlngi Union t t9i 3! 

Intereat on Depoiit tor year ag J3 

Balince March 17, igog t 7^7 <S8 

ALEXANDER MONTGOMERY LIBRARY FUND. 
Da. 

Balance March 18. igoS — 

Bonda in Mercantile Truit Company t 3.159 01 

Cuh Security Stvinga Bank U9 41 

InUrett on bondi ijo 00 

IntereM on depotit in Security Savinn Bank lo 07 

C«. t 3^7* SI 

By allowance on account lalary of Secretary. ......................... fiooo 

Balance March 17, tgog t 3.8'S 3' 

p^ LIFE MEMBERSHIP FUND. 

Balance March 18, tgoS — 

Band! in Mercantile Tniit Company % 1,000 oo 

Ciah in Gerrain Savings and Loan 717 7o 

Intereat on depoait in German Savinfi and Loan >g SS 

Tranifer from Bruce Medal Fund igfi 66 

Ca. t t.W 01 

By Intereil on bondi to General Fund t 40 oo 

Interest on bank depoiit to Genera] Fond 19 ss 

Balance March 17. igog t i.Oa* 3S 
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jy^ ;OHN DOLBBER FUND. 

Balance Marcb ig, igoS— 

Bond! in Merctntile Trust Company t 4.<"4 7' 

Cub in Union TruM CompuiT no 38 

Intcrcil OB bank depoiil 35 » 

C.. t j.aaj 2, 

InUreit on bonda to General Fund %w> do 

loternt on bink deposit to General Fund }5 u 

Balance March 17. '•tot t S.ooo 00 

Di. GENERAL FUND. 



From sale of Publicalioin ji J4 

Dues B58 17 

Exchange of Ediaon Electric Bonds 191 ij 

Rhine and Moselle Companr — Insurance i>5 so 

Cushing & Cuabing — feea returned.. .-■-.-.-....-.-.-..■-■■- ■ ifl 50 

Duplicate check returned a 00 

Alexander Montgomery Library Fund 6a 00 

William Alvord Fund— intereata i>3 17 

John Dolbeer Fund — interesta 11s ji 

Life Membership Fond — interests 69 js 

Total t 2.458 48 

Ca. 
By Expenditures as followi: 

C. A. Murdock and Company, Printing — including Pub- 
lications iiS to 114, inclusive ^1.14670 

Silary of SecreUry 160 00 

Salary of Treasurer So 00 

Printing, postage, expresaage, etc., by Secretary 67 9a 

Poataget by other officials 14 9S 

Carnegie Institute Hand Book 4 oo 

Univenity of Chicago 30 00 

Hall rent, meetings of March, 1908 and 1909 40 as 

Lantern serviee. March a8, 190B la ao 

Miacellaneoua printing 17 0, 

Making seal for the Society 10 oo 



Balance March 17. 1909 % 85J s$ 



Dues unpaid for 1908.. 
Duel unpaid for 1907. . 



t7M 00 
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Funds of the Astronomical SoaETV op the Pacific Held in Deposit 

BY THE Mercantile Trust Company of San Francisco, 

AT 464 California Street. 

These securities are all of the face denomination of $1,000, and the 

values given represent their original cost to the Society. 

One Soulb Pacific Coax Riilrnad Company'! lal mar^gc. (uar- 
intccd 4 per cent Gold Bond. No. 3406. Prindpil due July, 

igjj, intereal payable in January and July t 1,000 00 

AttiaHdir UoKlgomtry Library Ftiii. 

One Oakland TraniiC conaolidaled ill couKlidated mortfafe j per 
cent Gold Bond. No. ^jiS. Principal due July, 193a, intereil pay- 
able in January and July 1,040 90 

laie s per cent Gold Bond, No. 641. Principal due October, 1919, 

inlerett April and Oclober 1.084 01 

One Contra Coita Water Company'i j per cent Gold Bond, No. 166s. 

FTineipal due January, ijij, inureil payable January and July.. . i.ojs to 
Brucf Mtdal Fund. 



cent Sinking Fund Gold Bond No. 1636. Principal doe September. 

14ID, inlereat payable in Bfarch and Septcmbet i.oii jo 

One Edison Electric Company, Loi Anfcle*, ist and refunding mort- 
gage J per cent Gold Bond, No. «8j6. Principal due September, 

igii, intentt payable in Marcb and September 977 u 

John Delbrer Fund. 

Oae South Pacific Coax Railway Company's lit mortgage 4 per cent 
■uannteed Gold Bond, No. 1407. Principal due July, ipjy, inter- 
One Oakland Traniit Coniolidated ist conaolidaled morttage 5 pei 
cent Gold Bond. No. 4319- Prtocipal due Juljr, 1933. Intercit pay- 
able Jannary and July 1.04a o» 

One Bay Counties Power Company'i lat conaolldaled mortgage s per 
cent Sinking Fund Gold Bond. No. 1637- Principal due Septem- 
ber, 1430, inleieit payable in Mareh and September i.oii 50 

One Ediwn Electric Company, Loi Angeles, itt and refunding morl. 
gage s per cent Gold Bond. No. 683;, Principal dae September, 

tgai, interest payable March and September 977 11 

William Alvord Fund. 

gage s per cent Gold Bonds, Nos. «sC »Dd &S7- Principal due 

October, igig. interest payable in April and October 1.16S 06 

Two Contra Coau Water Company*! s per cent Gold Bonda. Noa. 
87 and ifi66. Principal due January. 191;, interest payable in 
January and July 1.071 JO 

ToUl. 14 bondi; value ti4.4i> 01 

D. S. Richardson. Treasurer. 
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Minutes of the Meeting of the Board of Directors, Held 

IN THE Hall of the California Club, 1750 

Clay Street, San Francisco, March 

27, 1909, AT 10:15 P- "■ 

Present: Directors Burckhaltek, Hale, Morse. Gallowav, Cc'sh- 
iNO, Mdlera, Ckawford. 

Retiring President Burckhalter called the meeting 10 order. 

Director W. W. Campbell was elected to be President. 

Director Geo, E. Hale was elected 10 be First Vice-President. 
■ President Campbell being absent, Vice-President Hale then took 
the chair. The election to the remaining offices resulted as follows : 

Second yke-PresidenI: F. Mouse. 

Third l'ice-Presidf«t: E. J. Molera. 

Secretary and Treasurer: D. S. Richardson. 

-Secretary (Lick Observatory): R. G. Aitken, 

Comet Conttniltee: Camprell (ex-officio), Townley, Curtis. 

Library Committee: Crawford (Chairman), Townlev, Einarsson, 

Moved, seconded and carried, that the matter of arranging the trans* 
fer of the Society's properly 10 the new room in the Phelan Building, 
and the furnishing of the room be left lo the Chairmen of the Commit- 
tees on Finance and Library. 

Moved and seconded that Ihe Library Fund be charged ten dollars 
per month for the rent of ihe new room, and ihat an amonnt equal to 
the insurance received from the Rhine and Moselle Insurance Co. now 
in Ihe General Fnnd be applied to lilting np the room. Carried. 

Moved and seconded thai Ihe salary of the Secretary- Treasurer be 
twenty dollars per month, of which five dollars is to be taken from the 
Library Fnnd. 

The Commillee on Publicalion recommended ihc adoption of the 
following resolutions ; 

Rfjoded. Tliat hrreafllr Ihc ilay vf tht montli be omiHr.l from Ihf dalt of ihe 
PmblicBihxi. 

Carried provided IhHl ihc change is not coutr^irj- lo ihv poslal rcgiibi- 
tions in regard lo second-class matter 

Riialied. That (he Chairman at the Cominillee i>i> Publication be auttaociieil to 
rmploy whatever clrrkal help may be necessary in gelling out the PuMicalions, 

fo.iy dollar iL 



Fund and Ihe Wm. 
Fund 10 be applied (■ 

Hiiglvid. Thai no 
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The Committee on Publication of the Astronomical Society of the 
Pacific, to which the nutter of amendments to the By-Laws wM 
referred, reported as follows: 

1. The By-Laws of the Society, the statutes for the bettowal of the 
Bruce Medal and the rules relating to the comet medal, were last 
printed in 1897, as Number 57 of the Publications, volume 9. P^e 163. 

2. Since i8g7 the By-Laws have been amended three times, as fol- 
lows: (a) Article VIII, January 31, 1903 (see vol. 15. P- 53); (b) 
article IX, March 28, 1903 (see vol. 15. p. 141) ; (c) article It. August 
,11. 190S (see vol. 17, p. 169). 

3. We recommend that the second paragraph of article IX of the 
By-Laws be amended to read as follows : 

A meeting tfaall be held in tbi Library of (be Lick ObMrvitary " ■ niuble 
bDur on the Ul( Saturdiy of AuguM; and meetinEi ibaU be held in (he raoam of 
Ibe Society, in Saa FraneiKO. al eiiht o'clock p. m. on the laat SaRirdiya of Janu- 



and November, but 


il shall be within the discretion of (he Prwii. 


other plaeea of me 


eline. in San PranciKo or vkinitr. for the 


iry. June and Novel 


mber. whenever, in his opinion, soeh ekange 


■ntage of the Sociei: 




end Ihat when the i 


.uiule* for (be be«o«>l of Ihe Bmce Modal 


sot note be added ii 


I Ibe tenth line of Article V. to re»l aa fol- 








cal Society of (he Pacific conalniea Ibe prv 


V of Ihe Slalule., . 









the medal for the 

It was the unanimous opinion of the six Directors present that the 
Dy-Laws be amended as recomtnended by the Committee, and the 
Secretary was Instnicted to obtain, if possible, the written consent of 
.It least three other EHrectors, 

The priming of the fooinolc 10 article V of the Bruce Statutes was. 
authorized. 

Adjourned. 



a[inendu.m to mi.^utes of the meeting of the board of 
Directors of thf. Astronomical Society of the 
Pacific, Hf.ui in Room 601, Merchants' Ex- 
change Building. San Francisco, Novem- 
ber 28, 1908, at 2 o'clock p. m. 
Now tliat the annotmccment of the eighth award of the Bruce Gold 
Medal has been made, this addendum to the minutes of the meetit^ 
of the Board of Directors held November 28, igo8. is published am* 
made part of the complete minutes of said meeting. 

The result of (he ballot showed that ten votes were cast for Dr. 
'': W. Hill. As the Statutes for the Bestowal of the Bruce Medat 
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require at least six votes, and more than this number having liesn. 
rast for Dr. G. W. Hiix, the award was thereupon made to him. TKif •' 
following certificalion was signed by the Directors : — •'* 

This is to certify that a special meeting of the Board of Directors 
of the Astronomical Society of the Pacihc was held this day for the 
purpose of awarding the Bruce Medal for the year igoQ, and that, the 
provisions of the statutes for the bestowal having been complied with. 
the medal was awarded to 

Gporge WiLUAM Hill 
for distinguished services to astronomy, by the consenting votes of ten 
Dt rectors. 

Crarles Bukckhalteb, S. D. Townlev, Fremont Morse, Charlrs 
S. CoBHiKG, D. S. Richardson, R. T. Crawford, J. D. Oaluiwav, Geo. 
E. Hale,* R. G. Aitken,* W. W. Campbell.* 

San Francisco. Cat.., Novcntber 28, 1908. 

* Bt proxy- 
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': ■ OFFICBR8 OF THB SoaSTY. 

•■5lr. W. v.: CAMHUi PrtLdlHl 

■•.^T. G. E, Half Firil VictPrtiidinl 

• -Mr. F. MoiiF iVcond yUtPrtrident 

Mr. E, J. Mouu Third Vict-PrttidtM 

Mr, D. S. RICHAHWOH i>cr«ar> dud rrfuurrr 

Mr. R. a AliKEM (Mount Hamilton, Cal.) Scc'ilary 

Board tf Dircclori—KtaKS. Aiikkb, Buickhaliii. CAuraiLL. CuAWro.o. 

ClOCKEH. Cl'SHINC. GaLLOWAX, HAI-B. MOLEIA, KlCHAIDSDK. 

/-'iHani-f Commitlti — Mcuri. MoLEkA. Ct[>cii|:(, CufuIKC. 
Co«tmillre B„ Pi.W«alioi.— Mfisr.. Towhlet, MADOiltL. CuHls. 
Library Commitlie—Mftun. C«AWfo«D. TowsLEr, Einaiuoii. 
Comtl-Midol Cemmillee—Mtan, Cautbell (Moflicio), To«hlev. Cl'hth. 

NOTICB. 

Article VIII of the ByLaoi of the Society, ai amended in i»uj. teaUt a> 

followi: "Each active member (ball pay, as annual duea, the mm of tivc dollars, 

ii" elKted 'durilig tL^rtf^alne" o"any'^r," he Vha"' pay fun'd™*(" "ueh 
year; when elected during Ihe lecond quarter, he ihall pay Ihree [ourUi* only of 
■uch dues: when elecled during the third quartet, he thall pay one half only 
o[ auch duet; wIicd elected during the lait Quarter, he ahall pay one fourth only 
of lucb duel: provided, howeier. that one half only of the duel in thit article 
provided for shall be collected from any member who ii actually enrolled u a 
student at a univeraity. seminary, high school, or other aimilar intlitution of 

rdease'' f rom annual duea by the payment of fifty dollara at any one time, and 
placed on Ihe roll of life members by the vote of the Board at Directors. . . ." 

hand is"ufficient. on Ihe payment oftwo dollara per 'volume to either of the 
Secretaries. Single copies will be supplied on the following basis: one dollar to 
non-members, seventy-hve cenls to dealers, and fifty cenia to members. 

Members within the United SUIes may obtain books from the library of the 
Society by tending to the Secretary at Berkeley ten cenls postage for each book 

The order in which papers are printed in the Publicalioni a decided simply 
by convenience. In general those papers are printed first which are earliest 

Pnblicalioni should be in ibc bands of the Commitlee not later than the >atb of 
the month preceding the month of publication. The respoiisibilitv for the views 

»hould"be sent"to ihe"chairman of the Committee on Publication, S. D. 'Iovthlev. 
Stanford University. California. 

The Secretary at Oeikeley will tend to any member of the Society suitable 
tutionery, sUmped with the seal of the Society, at cost price at follows: a block 

Regular meetings of Ihe ^icly are held in San Francisco or vicinity on the 
lait Saturdays of January, March, and November, and at the Lick Observatory on 
Ihe last Saturdays of June and August. Members who propose to attend Ihe 
meetings at Mount Hamilton should communicate with Ibe Secrrtsry at Berkeley, 

PUBLICATIONS ISSUED BIMOKTHLY. 
IFibraary. Afril. J»nt. Aaiutl, October, Decriabrr.1 
Published by the Aatronomieal Society of the Pacific at 601 Merchants Exchange 
Building. San Francisco, California. Subscription price. Js-oo per year. 
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Vou XXI. San Francisco, California, June 10, 1909. 



THE CLOSING OF A FAMOUS ASTRONOMICAL 
PROBLEM.' 

By W. W. Campbell. 

There is perhaps no more striking illustration of the power 
of scientific method than that relating to the discovery of 
Neptune in 1846. The planet Uranus, until then the outer- 
most known member of our solar system, refused to follow 
the path computed for it by mathematical astronomers. With 
the progress of time the discrepancies between its predicted 
and observed positions grew constantly larger until, in the 
early eighteen-forties, the discordance amounted to fully 
seventy-five seconds of arc. This is a small angle — not more 
than one twenty-fifth the angular diameter of our moon— yet 
a very large angle to refined astronomy, for a discrepancy of 
two seconds would have been detected with ease. The opin- 
ion gradually developed that Uranus was drawn from its 
natural course by the attractions of an undiscovered planet 
still farther from the Sun than itself. Adams in 1843 and 
Le VehriiiR in 1845, independently, and each without knowl- 
edge of the other's plans, attacked the then extremely difficult 
problem of determining the approximate orbit, mass, and posi- 
tion of an undiscovered body whose attractions should produce 
the perturbations observed. Regrettable and. avoidable delays 
occurred in searching for the planet after Adams's results 
were communicated to the astronomer royal, in October, 1845. 
Le Verrier's results were commuuicated to the Berlin Ob- 
servatory in September, 1846, witti the request that a search 

■ Reprinted, br sp«ul pcrmiuion. ii«m Tht Pafmlar Scitnct MoHihly. Miy. 
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be made. The disturbing planet, later named Neptune, was 
found on the first evening that it was looked for, less than 
one degree of arc from the position assigned by Le Verrier. 
If an energetic search had been made in England the year 
before, the planet would have been discovered within two 
degrees of the position assigned by Adams. 

The above resume of this unsurpassed achievement of the 
human mind forms a natural prelude to the present article, as 
it was the immediate forerunner of another problem, famous 
for half a century, which has now been brought to a satis- 
factory conclusion. 

The determination of the orbit of the planet Mercury gave 
great difficulty to its investigators, principally from two 
causes : — 

1. Being the innermost known planet in our system, re- 
maining always near the Sun, and usually lost to view in the 
Sun's glare, fairly accurate observations of its positions could 
be secured only when the planet was near its greatest angular 
distances from the Sun and on the rare occasions when the 
planet passed between us and the Sun's disk. Consequently, 
observations of the highest accuracy were few in number ; and, 

2. There were large discrepancies between Mercury's pre- 
dicted and observed positions, certainly not due to the attrac- 
tions of any known members of our solar system. 

Le Verrier, of Neptunian fame, undertook a systematic 
investigation of Mercury's orbit, making use of all available 
observations. His results were derived and published in 1859. 
His work established that there were peculiarities in the 
planet's orbital motion which could not be due to the attrac- 
tions of known masses of matter. Chief among the peculiari- 
ties was a slow rotation of the orbit itself. It is best described 
as a forward motion of the orbit's perihelion amounting to 
thirty-eight seconds of arc per century. 

Le Verrier announced that the outstanding differences be- 
tween prediction and observation could be produced and 
explained by the disturbing attractions of an undiscovered 
planet closer to the Sun than Mercury and revolving around 
the Sun in an orbit lying nearly in the plane of Mercury's 
orbit. The mass of (the quantity of matter in) the hypo- 
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thetical planet would depend upon its distance from Mercury: 
if half way between Mercury and the Sun, its mass would be 
two thirds that of Mercury; if further from Mercury, the 
necessary mass would be greater; if nearer, smaller. A group 
or "ring" of small planets, instead of one large planet, would 
serve equally well, provided the total mass of the planetoids 
were of the same order of magnitude. Le Verrier did not 
say that such an undiscovered planet or ring of planetoids did 
exist, but simply that it would account for the observed anom- 
alies. The accuracy of his computations, published in detail, 
could not be questioned. The recognition of his masterly skill, 
and the memory of his entirely similar discovery of Neptune, 
assisted in convincing astronomers quite generally that a planet 
or group of planets existed. The discovery of the disturbing 
mass became at once a noted problem. 

A body traveling around the Sun in a circular orbit whose 
radius is only one half Mercury's average solar distance would 
never be more than 12° from the Sun as viewed by terrestrial 
observers. A search for it by ordinary methods would accord- 
ingly be fruitless. A body large enough to shine brilliantly 
on a dark-sky background would be hopelessly lost in the 
bright sky near the Sun. Mercury itself, though running out 
between 20° and 30° from the Sun every few weeks, is seldom 
seen by any save astronomers; and they know where to look 
for it in the twiUght sky. 

Two special methods of discovery were applicable: (r) To 
detect the planet projected upon the Sun's disk when its 
orbital motion carried it between us and the Sun; (2) to 
search for it when the sky background was darkened at the 
time of a total solar eclipse. 

Needless to say, a crop of discoverers by the first method 
grew up without delay. The observer of greatest note was 
Lescarbal'i.t, a rural physician of France. Immediately foU 
lowing the publication of Le Vehrier's conclusions, Lescar- 
BAULT announced that he had observed the transit of an 
imknown planet across the Sim's disk several months earlier. 
Le Verrier journeyed to Lesc.^rbault's home, investigated 
all the circumstances of the obser^-ation. weighed the evidence, 
and concluded that a real planet had been seen. In fact, so 
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convinced of its reality were many scientific men that the name 
Vulcan was given to it. Older and later reported observations 
of the same character, to the number of twenty, were collected 
by Le Vf.rrier, and those which seemed to be in harmony 
with each other were made the basis of an orbit. Vulcan was 
found to be about one third Afercury's distance from the Sun, 
revolving once around the Sun in between nineteen and twenty 
days. In some of the text-books on astronomy appearing in 
the sixties and seventies, Vulcan was assigned a place in the 
solar system as conspicuous and as secure as that of Mercury 
itself. 

Now it is probable that every one of the twenty observations 
referred to was erroneous, though made in good faith. In 
essentially every case the observer was inexperienced, and used 
a telescope of insufficient power, or one unprovided with meas- 
uring apparatus suitable for determining whether or not the 
subject observed was in motion across the Sun's disk. Even 
the observation of Lescarbault was in doubt when it later 
transpired that a Brazilian observer of considerable profes- 
sional experience was at the same hour studying the region of 
the Sun in question and saw only uniform normal solar sur- 
face. The situation was not without its humorous side. For 
example, a Mississippi Valley weather prophet who saw Vulcan 
crossing the Sun's disk, said it was about "as large as a new 
[sic] silver half dollar"! Many of the observations no doubt 
referred to small sunspots which, with small telescopes, would 
look round. 

Vulcan was searched for by visual observers at the principal 
eclipses of the sixties, seventies, and eighties. Two noted 
astronomers at the eclipse of 1878, Watson and Swift, be- 
lieved that they saw two new planets near the Sun. However, 
the two seen by \V.\tson did not agree with those seen by 
Swift, and still other astronomers at the same eclipse saw 
no strange bodies in the same regions. As the assigned loca- 
tions depended upon the hasty readings of graduated circles, 
in which one can so easily make errors, in the press and 
excitement of eclipse conditions, the astronomical world 
quickly, and no doubt correctly, concluded that the objects seen 
were well-known neighboring stars. 
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The perfecting of dry-plate photc^raphy gave renewed 
interest to the search for Vulcan, both when passing over the 
solar surface and at times of eclipse. Although the Sun has 
been photographed almost daily during ihe past twenty years, 
at one observatory or another, no experienced observer has 
seriously claimed that his plates recorded an unknown planet 
crossing the Sun. Neither were eclipse searches more success- 
ful ; the well-known bright stars lying nearly in the direction 
of the Sun were photographed, but no strange bodies. Curi- 
ously enough, the optical principles governing the efficiency 
of cameras in this search were overiooked for many years, 
and faint objects near the Sun — say stars fainter than the 
fourth magnitude — were not observable, because their images, 
though formed on the photographic plates, were overwhelmed 
and buried from sight in the general darkening of the photo- 
graph by the bright-sky background. It was not until 1900 
that the elements of the problem of photographing faint bodies 
near the Sun were comprehended. While preparing for the 
eclipse of that year, three astronomers, Professor W. H. 
Pickering, of Harvard College Observatory, and Messrs, 
Perrine and Campbell, of the Lick Observatory, independ- 
ently arrived at the same simple conclusion that the focal 
lengths of the intramercu rial -search cameras should be rela- 
tively long, in order to reduce the intensity of the sky 
exposure on the plates without reducing the intensity of the 
star images, and thus let the latter be seen on the negative. 
TTie principles involved are so simple as hardly to call for 
elucidation. 

Let the two cameras have lenses of equal aperture, say three 
inches, of equal transparency, and capable of covering equal 
angular fields of view, say a circle ten degrees in diameter. 
Let one be of short focus, twenty-one inches, and the other 
of long focus, 13s inches. The powers of the two lenses to 
record stellar points on the sensitive plates in focus, under 
good atmospheric conditions, are not very unequal, for the 
two lenses collect equal quantities of light and condense the 
light into images of very nearly the same size. Both collect 
the same quantity of sky light, but the longer-focus < 
spreads it (more thinly) over an area (i35)V(2i)* = 
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times the greater. It is evident that faint-star images hope- 
lessly lost to view on the sky-blackened small plate may be seen 
with ease on the nearly clear glass of the large plate. We may 
safely say that the large plate will show images of stars three 
or three and one half magnitudes fainter than the small plate. 
The same advantage exists for small intramercurial planets as 
for stars, provided the exposures do not exceed two or three 
minutes in length, as they seldom do at eclipses. In longer 
exposures on intramercurial planetoids the advantage would 
Hsually be lost, as their rapid (and unknown) motions would 
cause their images on the plate to move, slowly with short- 
focus and rapidly with long-focus cameras, thus drawing them 
out into trails. With the longer instrument here described, an 
eight-minute exposure would in general be no more effective 
than one of four minutes. The most successful instrument 
for the search in question must compromise between the 
advantage of long focus in reducing sky density, and the dis- 
advantage of long focus in producing long trails. Shorter 
exposures, giving shorter trails, may be provided by increasing 
the diameter of the lens, but this in turn means greater un- 
avoidable optical aberrations in the outer areas of the region 
photographed, which is a reduction in efficiency. In this as in 
all instruments, extensive experience and good judgment must 
combine to decide upon the best compromise-proportions. 

Professor Pickering, of Harvard, and Mr. Abbot, of the 
Smithsonian Institution, used such cameras at the total solar 
eclipse of 1900. The latter observer was favored with good 
conditions, in North Carolina, and he secured one photograph 
of a considerable area surrounding the eclipsed Sun. Quite a 
number of the stars known to exist in this region were photo- 
graphed; but in the absence of a duplicate photograph of the 
same region, he could not decide whether certain apparent 
images on the plate were due to unknown planets, or were 
defects such as always exist in photographic films. 

.At the eclipse of IQOT, in Sumatra. Mr. Abbot, of the Smith- 
sonian Expedition, and Mr. Perrine, in charge of the Crocker 
Expedition from the Lick Observatory, were prepared, with 
four cameras each, to secure duplicate photographs covering a 
large area extending east and west from the Sun. Conditions 
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were unfortunately against the success of Mr. Abbot's plans, 
but thin clouds at the time of the eclipse let twenty-five per 
cent of the light come through to Mr. Perrine's photographic 
plates. The area covered in duplicate was 6° x 38°, extending 
along the direction of the Sun's equator, with the Sun in the 
center of the region. The plates recorded 170 well-known 
stars; and all apparent images not of ordinary stars were 
proved by the duplicate plates to be defects in the films. In 
two thirds of the area stars down to the eighth magnitude 
and many fainter ones were recorded; and in one third the 
area, covered with thicker clouds, stars were recorded down to 
the fifth and sixth magnitudes. 

At the eclipse of 1905 Mr. Crocker made it possible for me 
to organize expeditions to Labrador, Spain, and Egypt, each 
equipped with four intra mercurial cameras, in addition to 
apparatus for other lines of research. The details of the 
twelve cameras were planned by Dr. Perrine, the instruments 
were constructed under his supervision, and any photographic 
plates obtained with them at the three stations were to be 
assigned to him to examine for possible intramercu rial-planet 
images. The Labrador group of four cameras, mounted at 
the station by Dr. Curtis, made no contribution because of the 
severe storm conditions prevailing at the time of totality. The 
Egyptian cameras, mounted by Professor Hussev, recorded 
a considerable number of stars, but the sky, though clear in 
the usual sense, was full of dust, and the Sun and the sur- 
rounding region 'covered by the search were at a low altitude. 
The Spanish cameras, photographing through clouds which 
permitted only twenty or thirty per cent of the light to pass, 
recorded fifty-five stars down to about the seventh and eighth 
magnitudes. All suspected images not occupying the positions 
of known stars were proved to be defects in the films. 

The eclipse of 1908 in the South Seas was utilized by the 
Crocker Expedition to cover a region extending east and west 
along the Sun's equator with duplicate exposures. Notwith- 
standing interference from rain and clouds at the beginning of 
totality, clear sky prevailed during the last two thirds of the 
four critical minutes. Dr. Perrine finds more than 500 images 
of well-known stars on the plates, and no images of unknown 
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bodies. Stars are recorded down to nearly the ninth visual 
magnitude. 

It is not absolutely certain that intra mercurial planets, re- 
volving aronnd the Sun in elliptical orbits would be seen in 
projection entirely within the area of g" x 29° lying along the 
solar equator and equally east and west of the Sun's center, 
yet there are exceedingly strong reasons to believe such would 
be the case. The eight large planets and the 650 ± minor 
planets in our system revolve around the Sun in the same 
direction, and, excepting a small proportion of the asteroids, 
so nearly in the Sun's equatorial plane that the parts of their 
orbit planes lying within the limits for intramercurial planets 
would be projected upon the photographed area. The central 
plane of the zodiacal light differs little from the Sun's equatorial 
plane. It is certain, also, that any intramercurial planets orig- 
inally moving in planes inclined at large angles to Mercury's 
orbit plane would gradually be compelled by the attractions of 
Mercury and the other major planets to move in planes inclined 
at small angles to the ecliptic. The coincidence of the satellite 
planes in the systems of Jupiter and Saturn, and no doubt of 
Uranus and Neptune also, with the equatorial planes of these 
planets is another analogy of some weight. Admitting, for 
completeness, the hypothesis of an extensive system of small 
planets moving in planes making a variety of angles with the 
ecliptic and Sun's equator, some would certainly have been 
caught in the region photographed. A single planet, or a half 
dozen planets, massive enough to meet the requirements, mov- 
ing in any orbit planes would no doubt have been discovered 
a generation ago. In view of these facts, there is little reason 
to fear that any planets effective in disturbing Mercur^s 
motions were north or south of the regions covered by 
photography. 

Inasmuch as planets, shining by reflected light, do not act 
upon photf^raphic plates so strongly as stars of the same visual 
magnitude, we may say that exposures which recorded stars 
down to the ninth magnitude should have recorded planets 
down to the eighth. From the known brightness, distance 
from the Sun, and approximate diameter of a few of the 
asteroids revolving in space between Mars's and Jupiter's 
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orbits, Dr. Perrine has computed that an average eighth- 
magnitude intramercurial planet could scarcely be larger than 
thirty miles in diameter and that roughly a million such bodies, 
of great 'density, would be required to supply the disturbing 
effect observed in Mercury's orbit. 

Taking all these points into consideration, I think we may 
say that the investigations by Perrine, forming a part of the 
work of the Crocker Eclipse Expeditions from Lick Observa- 
tory, have brought the observational side of the Intramercurial 
Problem, famous for a half century, definitely to a close. It 
is not contended that no such planets will be discovered in the 
future; in fact, it would not be surprising, nor in opposition 
to the opinions here expressed, if several such bodies should 
be found; but it is confidently believed that any such bodies 
would fail hopelessly to supply the great mass of material 
demanded by Le Verrier's theory, as Perrine pointed out in 
discussing the Sumatra observations of 1901. 

On the occasion of a future eclipse of fairly long duration, 
occurring in the dry season, it might be well to repeat the 
observations, inasmuch as the instruments are in approximate 
readiness, and the observations at the three past eclipses were 
made through thin clouds twice, and with cloud-shortened ex- 
posures the third time. The cameras are capable of recording 
tenth-magnitude stars with three-minute exposures in clear sky. 
It will not be advisable to use these instruments at the eclipses 
of the next four years. 

There are other chapters, on the theoretical side of the prob- 
lem, to be entered here. 

Professor Newcomb's researches on planetary motions ex- 
tended much further than Le Verrier's. He found small 
terms in the motions of all the inner planets — Mercury, Venus, 
Earth, Mars — which are not due to the disturbing attractions 
of any known masses of matter. The chief discrepancies, aside 
from the large one found in Mercury's motion by Le Verrier 
and confirmed by Newcomb,' are in the perihelion of Mars. 
and in the nodes of Mercury and Venus. These outstanding 
residuals will be tabulated on a later page. 
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The attractions of any one planet or ring of small planets, 
sufificient to account for the excess motion of Mercury's peri- 
helion, failed to account for the other discrepancies discovered 
by Newcomb for the four planets. Satisfactory caAses were 
looked for in a possible ellipsoidal form of the Sun, in a 
hypothetical ring of small planets between Mercury and yenus, 
in an assumed minute variation in the law of gravitation from 
the Newtonian inverse square of distances, and in other as- 
sumptions, but in vain. One hypothesis, that the finely divided 
material which gives rise to the zodiacal light (by reflecting 
the Sun's rays) is the responsible disturbing mass, has been 
discussed several times since the days of Le Verrier and as 
many times rejected, with one exception. 

The exception is Professor Seeliger's recently published in- 
vestigation. With great skill and with entirely reasonable 
assumptions as to the form of space occupied by the zodiacal 
material, and as to the density of the distribution of the mate- 
rial in this space, he establishes that there is sufficient mass to 
account for the discrepancies in the motions of all the four 
planets. 

The following table exhibits the results of Seeliger's theory 
in the first column of figures, and the actual results of observa- 
tion as determined by Newcomb in the second column. The 
quantities in the third column, which bear the sign ±. are tlie 
"probable errors" assigned by Newcom b to his results ; and, for 
the benefit of n on -mathematical readers, we may explain that 
these "probable errors," deduced from the observations them- 
selves, are indications of the uncertainties existing in the quan- 
tities to which they are attached. In this table e and i are 
respectively the eccentricity of the orbit and the inclination of 
the orbit plane to the ecliptic ; and All, AQ, and Ai are respect- 
tively the changes, per century, in the longitude of perihelion, 
in the longitude of node, and in the inclination of the orbit 
plane, unaccounted for by the attractions of known masses, as 
in the second column, and produced by the attractions of the 
zodiac^ matter as computed by Seeliger. In the last column 
are the differences between the Seeliger and Newcomb num- 
bers: in other words, a comparison of theory with actuality. 
These differences are small. All are within the probable errors 
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ith one exception, far within these 
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We cannot ascribe this remarkable agreement between 
Newcomb's and Seelicer's results to fortimate chance, and it 
is scarcely possible to doubt that in the zodiacal-hght materials 
lie the canses of the discrepancies referred to. I have little 
hesitation in venturing the opinion that Seeucer's investiga- 
tion marks an epoch in the application of Newton's law of 
gravitation to the motions within the solar system. At one 
stroke he appears to have removed a group of discrepancies 
which served as bases for many inquiries as to the preciseness 
and sufficiency of the Great Law. With all respect to 
Seeliger's genius and labor, however, scientific caution will 
value confirmation of his results by other investigators. 

Seeliger's assumptions as to the distribution and mass of the 
zodiacal material are of interest, especially when we recall 
that the zodiacal light within some twenty degrees of the Sun 
is unobservable, on account of the glare, and that the bright- 
ness of the light is a poor index to the mass : a given quantity 
of matter, finely divided, would reflect sunlight more strongly 
than the same quantity existing in larger particles. For the 
mathematical development of the subject he assumed that the 
material is distributed throughout a space represented by a 
much-flattened ellipsoid of revolution whose center is at the 
Sun's center, whose axis of revolution coincides more or less 
closely with the Sun's axis, whose polar surfaces extend 
twenty or thirty degrees north and south of the Sun (as 
viewed from the Earth), whose equatorial regions extend con- 
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siderably beyond the Earth's orbit, and in which the density- 
distribution of materials decreases as a function both of the 
linear distance out from the sun and of the angular distance 
out from the equatorial plane of symmetry. According to 
these assumptions, surfaces of equal densities are concentric 
ellipsoidal surfaces, and the number of such ellipsoids can be 
increased or decreased according as the computer may desire 
to represent more or less closely any assumed law of density- 
variation within the one great spheroid. Practically, Seeliger 
found that the disturbing effects on the planets are almost 
independent of the law of distribution of the material, as re- 
lated to distance from the Sun, as far out as two thirds of the 
distance to Mercury. He made use of only two ellipsoids: 
One with equatorial radius 0.24 unit' and polar radius 0.024, 
of uniform density ; and the other with corresponding radii 1.20 
and 0.24 of uniform but much smaller density. The total mean 
densities determined for his volumes, on the basis of unity as the 
mean density of the Sun, are, respectively, 2.18 X lo^" and 
3.1 X 10'" ; and the resulting combined mass of the two ellip- 
soids is 3.1 X 10-' of the Sun's mass, which is roughly twice 
the mass of Mercury. The corresponding density of mass- 
distribution is surprisingly low. In the inner and denser ellip- 
soid, the matter, if as dense as water, would occupy i part in 
30,000,000,000 of the space; if as dense as the Earth, only 
I part in 160,000,000,000. 

The reader should be cautioned against obtaining the im- 
pression that Seeliger's two ellipsoids represent the truth as 
to the law of distribution of density, for such is not the case. 
A very large number of ellipsoids, doubtless decreasing rapidly 
in density as one proceeds from the Sun outward, would be 
required to represent the actual law. Seelicer found that the 
attractive effect of the mass inside of the ellipsoid with maxi- 
mum radius 0.24 was essentially independent of the law of 
distribution ; and for convenience in the computations he there- 
fore assumed the density in the said ellipsoid to be uniform. 
A solution based upon a greater number of constitutent ellip- 
soids would perhaps be a slight improvement. 
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The logic of Seeligek's work rests finally upon the reason- 
ableness of his assumptions and deductions concerning the dis- 
tribution and density of the zodiacal- light materials ; and these 
are not out of harmony with the meager knowledge of the 
zodiacal light which we have obtained by direct observation. 

In consequence of Seeuger's results further direct observa- 
tions of the zodiacal light take on renewed interest. 



PLANETARY PHENOMENA FOR JULY AND 
AUGUST, 1909. 

By Malcolm McNeill. 



Full Moon July 3, 4'' 17™ a.m. ' Full Moon, ...Aug. i, ii" 1411 

LasiQuaner.. " 9. 10 58 p.m. Last Quarter. . " 8, 4 10 

New Moon — " 17, 2 45 a.m. New Moon " 15. 3 55 

First Quarter.. " 25, 3 45 a.m. First Quarter. . " 23, 7 55 



Full Moon " 30, 9 



The Earth passes aphelion, its greatest distance from the 
Sun, July 3d, 7 P..M., Pacific time. 

Mercury is a morning star until August 4th, when it passes 
superior conjunction with the Sun and becomes an evening 
star, remaining such until October 12th. It reaches greatest 
west elongation on July 7th, being on that date 21" 12' west 
of the Sun. During the first half of July it rises from an hour 
to an hour and a quarter before sunrise, and may be seen in 
the morning twilight under good weather conditions, but 
shortly after the middle of the month it draws too near the 
Sim for easy observation. After becoming an evening star, in 
early August, it moves away from the Sun, so that by the 
end of the month it is well out toward greatest east elongation, 
but even then it sets less than one hour after sunset, and it 
will hardly be in reach of naked-eye observation. 

Venus is an evening star, setting a little more than an hour 
after sunset throughout the two months' period. The interval 
increases only ten minutes from i" lo"" on July 1st to i" 20"" 
on August 31st. The apparent distance between Sun and 
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planet increases about 12°, and this would mean an increase 
of about forty-eight minutes in the interval between the setting 
of the two bodies, but for the fact that Venus is moving south- 
ward much faster than the Sun, and this relative southward 
motion of the planet nearly counterbalances the gain due to 
increased distance. Venus and Jupiter are in very close con- 
junction on the night of August iith-i2th. The nearest ap- 
proach is 12', less than half of the apparent diameter of the 
Moon. This occurs about 11 p.m., Pacific time, some hours 
after the planets have set for all points in the United States; 
but the planets will be very close together on the evening of 
that date. 

Mars is gradually drawing near opposition. It rises shortly 
before 11" 30° on July 1st, and at a little after 8" p.m. on 
August 31st. It moves eastward and northward about 15° 
among the stars with gradually diminishing speed, until Au- 
gust 23d ; it then begins its retrograde, westward, motion but 
moves only about half a degree before the end of the month. 
It is in the constellation Pisces and passes the vernal equinox 
on the afternoon of July 15th. It does not cross the celestial 
equator at that time, as it is then in the southern part of its 
orbit, and is about 5° south of the ecliptic. Mars passes peri- 
helion on August 13th, more than a month before opposition. 
Its distance from the Sun diminishes from 64,000,000 miles 
to about 38,000,000. and it will be nearly three times as bright 
on August 31st as it was on July ist. In fact, it will be 
within about ten per cent of its maximum brightness at the end 
of August, and will be very conspicuous. 

Jupiter is in the western sky in the evening and forms with 
Venus the most prominent feature of that part of the heavens. 
On July ist it sets at about 10'' 40"" p.m. and on August 31st 
it sets at a little after ■;*• p.m., only a little more than half an 
hour after sunset. During the last week in August it will be 
almost too near the Sun for naked-eye observation, but its 
great brightness may make it possible to follow it to the end 
of the month. During July and .August it moves 11° eastward 
and 5° southward, from the constellation Leo into Virgo. Its 
close conjunction with Venus on August i rth has already been 
noted. On the night of August 24th-25th it is in conjunction 
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with Mercury, the nearest approach being 40', Jupiter south 
of Mercury; but ixith planets are then very close to the Sun, 
probably too close for Mercury to be seen, and Jupiter will 
not be an easy object. 

Saturn rises half an hour after midnight on July 1st and at 
about 8" 30° P.M. on August 31st. It is in the eastern part of 
the constellation Pisces and moves about 1° eastward until 
August 6th, and then begins its westward or retrograde mo- 
tion. By the end of August it will have moved about half a 
degree. As seen in the telescope, the rings will have widened 
out so that the minor axis is a little less than one fourth of 
the major. 

Uranus comes to opposition with the Sun on the evening of 
July nth and is then above the horizon the entire night. By 
the end of August it will set shortly after i"" a.m. It moves 
about 2° westward during the two months, in the eastern part 
of Sagittarius, several degrees north and east of the bowl of 
the "milk-dipper." No bright star is near it, and in conse- 
quence it is not easily identified by naked-eye observations. 
Neptune is in conjunction with the Sun on July 9th. 
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ANNOUNCEMENT. 

Since the great fire of April, 1906, the Astronomical 
Society of the Pacific has had no permanent home. With 
the exception of a few books which were out at the time, 
its entire library and other belongings were destroyed. 
Through the courtesy of the authorities of the University 
of California temporary accommodations for the beginnings 
of the new library were provided in the Students' Observa- 
tory at Berkeley. 

The Board of Directors of the Society begs to announce 
that new quarters have now been obtained in San Fran- 
cisco and all books, pamphlets, magazines, and other matter 
intended for the Society should be sent to the new ad- 
dress, which is Room 748 Phelan Building, San Francisco, 
California. 

The Secretary-Treasurer, Mr. D. S. Richardson, has estab- 
lished daily office hours, and all mail intended for him should 
be sent to the address given above. 



:dbv Google 



NOTES FROM PACIFIC COAST OBSERVATORIES. 
The Orbits of the Cepheid Variables ^ Sagittarii and 

KV AURIGJE; WITH A DISCUSSION OF THE POSSIBLE CaLSES 

OF THIS Type of Stellar Variation.' 
Of the several classes into which variable stars have been 
divided, only two — the Algol stars and the Cepheid-Geminid 
stars — have been shown to be distinguished by variable radial 
velocity. Of the nature and cause of variation in the Algol 
stars there can be no reasonable doubt, since all their observed 
phenomena point to the occurrence of stellar eclipses. The 
case of the Cepheids and Gemmids,' however — I wish to treat 
the two classes as one — is by no means clear ; and, since a num- 
ber of these stars are bright enough for spectrographic work 
and as all so far investigated have been found to possess an 
orbital motion, there seems to be in this, one of the most vul- 
nerable points for attacking the problem of stellar variability. 
In order to give weight to any hypothesis regarding the 
cause of continuous variation, we must have a knowledge of 
the orbits of as many stars as possible ; and to this end Director 
Campbell has suggested several stars of this type as subjects 
for special work by individual observers with the great re- 
fractor. Such a piece of work is described in the present 
paper. 

Y SAGITTARH. 

The variability of brightness of Y Sagiltarii was discovered 
by Sawyer in 1886. Since then its brightness has been ob- 



■ Atuttact from diMertHion, published in full in Lick Obitrxulory Ballriin 

' ThMr nimea. derived from those of th« t)q)e-««ri S Ctfhei and f Grmin, 
■«m 10 have originalcd with MiH Ci-iiie. The lifht of both cUuci < 
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served by Sawyer, Chandler, Yendell, Luizet, and Pick- 
ering, so that the nature and period of its variation have been 
established with considerable accuracy. The star's binary char- 
acter was announced by Cortiss' in 1904. 

The position for 1900.0 is a = 18" I5°".5, S = — 18° 54' ; the 
light variation, according to Chandler, is from 6.6 magnitude 
to 5.8 magnitude; according to Pickering, from 6.2 magni- 
tude to 5.4 magnitude. The class is Cepheid and the spectral 
type approximately solar. From the observations of Chan- 
dler and Pickering, covering an interval of about twelve 
years, the period of variation was determined as 5''.77336. 

The spectrograms on which my orbital elements depend were 
obtained with the 36-inch refractor and the single-prism spec- 
trograph ordinarily used at this observatory for stars too faint 
for the three-prism instrument. The comparison spectrum was 
furnished by the iron spark, using self-induction to eliminate 
the air lines. Two different kinds of plates were used — Seed's 
"27" and Lumiere's "Sigma." The former have somewhat the 
finer grain, but the latter are considerably the faster. I ob- 
tained thirty-three plates in all, but owing to underexposure 
six of these were unfit for use. 

These spectrograms exhibit the peculiarity noted by 
Albrecht* in the spectra of other stars of this class, the 
maximum intensity of the continuous spectrum being shifted 
toward the violet as the star's light approached a maximum 
and back toward the red as it approached a minimum. 

The plates were measured with a Hartmann spectrocom- 
parator.* As the instrument had not been used before, it was 
first necessary to investigate the errors of the screw. This was 
done in the manner described by Hartmann' and the screw 
found to be very good, though there is indication of a slight 
periodic error. This error was, however, eliminated in meas- 
uring the plates by turning the screw through a half revolu- 
tion between the direct and reverse measures. As a funda- 
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mental plate 1 used a spectrogram of the sky, photographed on 
a Seed "27" plate, 1908, June 29th. 

From the twenty-seven plates measured, the following ele- 
ments were derived by the method of Lehmann-Filhes: — 



Orbital Elements ( 


IF Y SACn-TAKIt. 


Period 


U = $'.77336 


Mean daily motion 


*• = 62''.3554 


Time of periastron passage 


T = 4*46after light-inax. 


Distance of periastron from node 


a, = 32° 00' 


Eccentricity 


e = 0.i6 


Velocity of system 


C = + 4X)^ 


Maximum radial velocity 


= -F25.2*>» 


Minimum radial velocity 


= — I2.4*» 


Single amplitude of curve 


K = 19^'^ 


Projection of semi-major axis 


a sin i" = 1485,000^" 



Within the errors of observation, there is no evidence of any 
irregularities in the velocity -curve, such as appear so strikingly 
in the curves of ( Cetninorum'' and W Sagittarii.' It is note- 
worthy that the time interval between maximum light and 
maximum velocity of approach is unusually long for a variable 
of this class. 

RT AVRIGJE. 

The light-variabiUty of ^"V Aurigw, a star formerly known 
by Flamsteed's designation of 48Aurig<p, was discovered by 
Mr. T. H. AsTBURY in March, 1905.' Two light-curves have 
been pubhshed. a prehminary one by Williams" and a more 
nearly definitive one by Astbury," 

From the discoverer's papers in the Journal of the British 
Astronomical Association are derived the following data: — 
a 1900, 6f' 22<".i: «i900,o, -1-30° 34'; max., 4'».93; min., 
5™.9I ; time from max. to min., 2^.51 ; period, 3''.728z; epoch 
of max., J. D. 2417173.36; class, Cefiheid 

The spectral type is very approximately solar. 



.905; and Lick Obn'vatory BuIIiUh, 



'Cm 


■»e: 


u Artrofhy, 


'CU.T 




. AUrophyiic, 


«. 36. 19< 
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>i<il 


of Ihi Brilii 
of tht Britit 

of tht Briii. 
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The density of three preliminary plates of this star obtained 
with the single-prism spectrc^raph early in August indicated 
that it was bright enough for investigation with the three- 
prism instrument, and work with the latter was accordingly 
begun in September. On account of the star's faintness it 
was necessary to use Lumiere's very rapid but coarse-grained 
"Sigma" plates and to open the slit much wider than is cus- 
tomary in using this spectrc^raph. Under these conditions 
the exposures varied from about one and three-fourths to three 
and one-half hours, depending upon the state of the air and the 
light phase of the star. 

For the measurement of the plates I used the spectrocom- 
parator and, as fundamental plate, a spectrogram of the sky 
was made on a Seed "27" plate, 1908, September 28th. The 
greater number of settings on each plate combined with the 
greater dispersion of the spectrograph to make the accuracy 
of the velocities derived from plates of this star much greater 
than that of the velocities determined for Y Sogiltarii. 

Twenty-six measurable plates were obt'ained, but in deter- 
mining the velocity curve only twenty-two were used, though 
two of the remaining four give reasonably small residuals. 
Three of the unused four are much underexposed and the 
fourth was discarded because of its large residual, since three 
other plates in the same part of the curve give small residuals. 
The oi1>ital elements derived from the velocity -curve by the 
method of Lehmann-Filhes are: — 

Pbeliminaey Elements of RT Aukig^. 
Period U = 3<l.7282 

Mean daily motion «> =96° .5615 

Time of periastron passage 7* = 3^.40 after light-max. 

Distance of periastron from node ^^93° 2' 

Eccentricity f ^ O.36 

Velocity of system I' =.-\- 21.50*" 

Maximum radial velocity = + 38.54''" 

Minimum radial velocity ^ -|- 4.02*" 

Single amplitude of curve K= 17.26*" 

Projection of semi-axis major a sin 1 = 825,500*" 

Since publishing my original article, I have made a least- 
squares solution for the orbit of this star, obtaining the follow- 
ing final elements: — 



:dbv Google 



Astronomical Society of the Pacific. 123 

Final Elements of R7 Auriga. 



Time from light-max. to periastron 


r = 3«.423±o<l.a(0 


Distance of periastron from node 


„ = 9s'.oi6 ± 2* 50a 


Eccentricity 


e = 0.368 ± aoi4 


Velocity of system 


y = + M^-434 ± a395l 


Maximum radial velocity 


= + 38^.819 




= + 2^.8q5 




K=i7i'»<)62± 0^.2^6 


Projection of semi-axis major i 


)sin. = 856.soo*"' 



By the least-squares solution the sum of the squares of the 
residuals was reduced from 28.69 ^° 22.05. ^^^ outstanding 
residuals are so grouped as to suggfest that the orbit is not 
truly elliptic. 

THEORIES CONCERNING THE CAUSE OF LIGHT CHANGE IN 
CEPHEID AND GEUINID VARIABLES. 

Twelve stars whose light variation is continuous and of 
short period have now been investigated spectrographically 
with a considerable degree of completeness. We shall consider 
the various explanations that have been suggested as to the 
cause of their variability and test these explanations, as far 
as possible, by means of the observed facts. 

The principal characteristics of stars of this type are : — 

1. Their light varies without pause. 

2. The amount of their light variation is usually about one 

magnitude. 

3. Their periods are short — a few days only. 

4. They are of a spectral type approximately solar; no Orion, 

Sirian, or Antarian stars having been found among 
them, 

5. They seem to be found in greater numbers in certain parts 

of the sky. notably in the Milky Way," but exhibit no 
tendency to form close clusters. 

6. All those stars whose radial velocities have been studied 

have been found to be binaries, whose period of orbital 
revolution coincides with that of their light change. 

7. The orbits, so far as determined, are all small, a sin » be- 

ing 2.000,000*" or less. 
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8. Their maximum light synchronizes very closely with their 
maximum velocity of approach, and minimum light 
with maximum velocity of recession." 

g. No case has been found in which the spectrum of more 
than one component has been bright enough to be re- 
corded in the spectrograms. 

The first- mentioned characteristic sharply separates these 
stars from stars of the Algol type, whose light-curves always 
contain horizontal straight lines; and the eighth shows that 
their variation cannot be due to occultation by the dark com- 
panion, since in that case minimum must occur at inferior 
conjunction. The third property makes it imperative that a 
theory, to be successful, should connect the light variation with 
the orbital revolution. 

In his discussion of the orbit of iGeminorum,"' Dr. Camp- 
bell suggested tidal disturbances" in an atmosphere surround- 
ing the brighter component, due to the gravitational attraction 
of the darker ; and explained the fact that minimum light 
occurs soon after periastron passage by supposing a reduction 
of brightness due to a sudden expansion of the gases of the 
atmosphere under the influence of maximum tidal action when 
near periastron. That maximum light, instead of minimum, 
occurs soon after the nearest approach of the two components 
in the cases of tiAquiltr and &Cephei, he thought might be 
explained by the greater difference of tidal action in different 
parts of the orbits of these stars, owing to their greater 
eccentricity. 

At that time, however, the orbits of only three stars of this 
class had been determined, and in the light of subsequent re- 
search on other variables of this type, there are serious objec- 
tions to the general application of this theory. 

First, no general relation seems to hold between the time 
of periastron passage and the time of greatest brilliancy. 

Second, the theory in no way explains Albrecht's discovery 
of the time relation between maximum light and maximum 
velocity of approach. 

"Almecbi, Litk Obitnalary Billtlin, 4, 138. 1907. 
" Aitrofliyrical Journal, IS, 90. 1901. 

"The tidal theorr »ppear» to hnye been first suggeatcd by Rokkti. of Soutb 
Africa, Ailrfffkynral Journal, ». 2B3. 189s. 
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Third, no increase in the range of brightness variation is 
found in the case of stars having orbits of greater eccentricity. 

Moreover, if the tidal disturbance takes place in the bright 
star's atmosphere, we should expect to find bright lines in the 
spectrum, and this has never been observed. If, on the con- 
trary, the disturbance occurs in the denser part of the body, it 
seems unHkely that the star should lose perceptibly in bril- 
liancy during the few days that elapse before it is again 
subjected to maximum tidal action. 

However, despite these obstacles to making tidal action a 
chief basis for explaining the light variations of these objects, 
it is very probable that this action does have a profound 
infinence on the behavior of the system. 

A second hypothesis for explaining the variation of stars 
of this type is that of a resisting medium in which the binary 
system is supposed to be enveloped, and the impact of whose 
particles causes the star's advancing side to become heated. 
This idea was first pubhshed by Dr. R. H. Cuhtiss" and has 
been somewhat elaborated upon by Professor F. H. Loud.'* 
The impact of the particles of a resisting medium of nebulous 
or meteoric matter might cause variation in a star's light in 
two ways — first, as the star revolved in its orbit, if it moved 
at different times with different speed or through portions of 
the medium having different densities, there would result a 
difference in the actual rate of emission of light ; second, if the 
star moved like the Moon, keeping always the same face to- 
wards its dark companion, the preceding face would, by the 
impact of particles, be kept constantly hotter than the following 
side, and, as the star rotated, first the darker and then the 
brighter side would be presented to the observer. 

The hypothesis of a resisting medium has many things in its 
favor, but chiefly the fact that it accounts for the synchronism 
of maximum light and minimum positive velocity. 

That the variation of the star's light can be accounted for by 
a change in the rate of light emission is rendered improbable 
by the following facts: — 

••Lick Ohitr-.'alory Bulltlin, S, 40. 1904; and /! itrofliyiical jBHrnol, 90, iSlS. 
" AslrBphyiicol Jmrnol. 20, 360. igo?. 
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1. In order that the actual emission of light may vary, the 

star must cool perceptibly during the few days which 
elapse between successive passages through those parts 
of the orbit where the bombardment is most fierce. 
This would necessitate that the disturbance take place 
only in the outer and rarer parts of the star's at- 
mosphere — a fact which is contradicted by the char- 
acter of the spectrum. 

2. No greater range of .light variation is observed in stars 

having highly eccentric orbits than in those whose 
orbits are only slightly eccentric, and in general, there 
is no marked outburst of light when the star is near 
periastron. 

If we make use of the hypothesis of a resisting medium, we 
must therefore restrict it to the case where the period of rota- 
tion of the bright star is equal, or nearly equal, to that of its 
revolution. Professor Loud's ideas may, I think, be briefly 
summed up as follows: Since the star's binary character is 
betrayed, not by a doubUng of the lines but by their periodic 
shift, one component only is luminous ; its light is due to the 
bombardment of its surface by particles of the medium through 
which it moves, and to which its companion, since it is non- 
luminous, must be relatively at rest. The distance between the 
two components is so small that tidal action tends strongly to 
equalize the periods of rotation and revolution of the bright 
satellite ; but, owing to the resistance imposed upon its motion, 
the satellite moves upon an ever-diminishing spiral, its period 
of revolution shortens, and therefore that period is always a 
little shorter than the period of rotation. The effect of this 
lag of the rotation is to cause the heated area on the satellite, 
produced by meteoric bombardment, to become un symmetrical, 
the point of greatest heat moving slowly along the equator 
into colder regions, leaving behind it a slowly cooling band. 
To an observer, then, whose line of sight is not perpendicular 
to the plane of the orbit, the star's light would vary continu- 
ously, but the time-interval from minimum to maximum would 
be shorter than that from maximum to minimum — a well- 
known distinguishing feature of the light-curves of many vari- 
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ables of this type. Those cases where the asymmetry in the 
light-curve is reversed or where, as in £ Geminorum, it does 
not exist, he explains by assuming that the rate of rotation is 
more rapid than, or equal to, that of revolution. Irregularities 
in the light-curves are explained by the separate or joint action 
of three causes: Ellipticity of the orbit, producing greater 
speed near periastron; "libration," or the optical effect of 
variation of angular speed in revolution owing to the orbit's 
eccentricity, while the rotation rate is constant ; and variations 
in the density of the medium. 

In the majority of the variables of this class whose orbits 
are known, the light maximum occurs a little before maximum 
velocity of approach — instead of a little after or exactly simul- 
taneous with it, as we should expect on this hypothesis. This 
Loud explains by supposing that the meteoric bombardment 
induces in some cases not only an increase of light but an 
increase of absorption, so that we do not at once get the full 
effect of the maximum light — a supposition whose truth we 
cannot disprove, though it seems to have little to sustain it. 

Whatever the manner in which the impact of meteoric par- 
ticles may produce the variation of light, it is certain that the 
work done by the star in imparting momentum to the meteors 
must tend to shorten the period of revolution ; and perhaps a 
crucial test of the hypothesis may be found in the calculation 
of the relations between this shortening and the quantity of 
energy emitted in the forms of light and radiant heat. 

In my original article I accordingly calculated these rela- 
tions and found that, for a star moving in a circular orbit with 
a period of six days and a speed of 20*" per second, through 
a flock of meteors sufficiently dense to produce by their bom- 
bardment a variation in the star's light of 0.8 magnitude, the 
shortening of the star's period would be seventeen seconds per 
year. Only one star of this type has been observed to possess 
a secularly diminishing period. This star is 8 Cepkei, whose 
period, according to Chandler, shortens by only o'.ioS per 
year, the period itself being between five and six days, and the 
variation in brightness 0.9 magnitude. 

It is true that, between stars situated so close together as 
are the Cepheid variables, tidal action might be very strong 
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and that by its tendency to lengthen the period it might coun- 
teract the tendency of the resisting medium to shorten it. It 
would seem strange, however, that in so many cases the two 
effects should so exactly balance that no change in either 
direction could be detected. Besides, there are many binaries 
■ — chiefly variables of the Algol type — whose periods are as 
short and whose components are as closely situated as are 
those of the Cepheids, but in whose periods no secular change 
has been detected. In fact, the only Algol variable in whose 
period Chandler notes any secular change is, as we have seen, 
U Corona, whose period is shortening but which gives no 
evidence of light variations of the 8 Cephei or continuous type. 
It seems possible, indeed, that among the Cepkeid stars tidal 
action has arrived at the stage where both bodies are drawn 
into prolate ellipsoids and each keeps always the same face 
towards the other, so that the j^eriod has no longer any ten- 
dency to increase. 

Aside from the change of a star's period, there are other 
considerations which militate against the hypothesis of bom- 
bardment as an explanation of continuous light variation. For 
example, since these stars move at fairly high speed in smal! 
orbits, the invisible companion must be a body of considerable 
mass as compared with the star that we see. Why, then, if the 
impact of meteoric bodies is sufficient to produce a large per- 
centage of the radiation of one component, does it not make 
the other also visible? The meteoric bodies cannot remain at 
rest relative to either of the components, so we must suppose 
those particles which the bright star picks up to be moving 
in orbits about the dark component. If these orbits have the 
same eccentricity as that of the bright star and if the bodies 
are moving in the same direction as the star, they must move 
with nearly the same speed and we can have no violent colli- 
sions; if they cross the star's orbit at a large angle, then the 
star's brightest point will not be in front, but at the side ; and 
if they move in retrograde orbits nearly coincident with the 
orbit of the star, the star should, in a comparatively few revo- 
lutions, collect all the meteors near its path, so that all bom- 
bardment would cease. 
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The question now arises whether, in the present state of our 
knowledge, a more satisfactory hypothesis for explaining the 
phenomena of these stars can be found. We have seen that it 
is unlikely that the variation in brightness can be due to an 
actual change in the rate of light emission, since in that case 
the character of the spectrum should change radically during 
the interval between maximum and minimum. It is clear also 
that the variation cannot be produced by rotation combined 
with the greater heating of the star's advancing side by the 
impact of meteoric particles. Since, however, the character 
of the spectrum indicates the presence of an absorbing envelope 
about the luminous body of the star, the change in brilliancy . 
may be due to a variation of absorption ; and it is to an 
hypothesis based on this assumption that I now wish to direct 
attention. 

The idea that the variation of light is due to a variation of 
absorption gains in weight when we recall the similarity 
between the light- and velocity-curves of these stars, which has 
been well known since the first orbits were determined and 
which is especially striking in the case of W Sagitlarii. The 
light-curves of stars are ordinarily drawn with ordinates meas- 
ured in terms of "magnitudes" or other units which express, 
not the actual amount of light, but the intensity of the ob- 
server's sensation, which is proportional to the logarithm of 
the light. Hence, the similarity of the light-curves and the 
velocity-curves indicates that the logarithm of the light, and 
not the light itself, is proportional to the radial velocity. Now. 
for an absorbing medium of uniform density, the logarithm of 
the light varies as the thickness, the law of absorption being 

where x is the thickness of medium traversed, p the coefficient 
of absorption, and E and / the respective intensities of the 
emet^nt and incident light. Therefore, the star's light varia- 
tion may be explained by assuming an absorbing atmosphere 
whose depth on the side toward the observer is, within appro- 
priate limits, inversely proportional to the component of the 
velocity in that direction. 
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The principal requirements of the case may be met if we 
suppose a very rare envelope of nebulous matter to surround 
the darker star of the pair, and that the atmosphere of the 
brighter component is brushed backward by the friction of 
this medium so that its depth on the advancing side is less than 
that on the following. It seems to me to be possible that the 
Sun's corona is an envelope like this and that coronx of equal 
or perhaps greater density may surround all stars of the solar 
and more advanced types. The orbits of Cepheid stars are 
probably alt very much smaller than the orbit of Mercury 
{a sin 1 averages about 1,500,000*", while Mercury's mean dis- 
tance is 58,000,000"°), and it may be that at a distance from 
the Sun itself equal to the mean distance between the average 
Cepheid pair the corona would be dense enough to produce the 
observed effects. If we suppose the absorbing atmosphere of 
■ the lucid star to be of low specific gravity, then the envelope 
of the darker component need not be dense enough to produce 
by its friction a perceptible shortening of the period. 

The shape assumed by the moving star's atmosphere in dif- 
ferent parts of the orbit is rudely represented in the figure. The 
ellipse in the figure has an eccentricity of about one third, which 
is near the average eccentricity of the Cepheid orbits. The 
atmosphere is represented as spherical but eccentrically placed 
with regard to a moving spherical star — a condition which is 
of course only approximately realized. From the figure it is 
easy to see that maximum light will always occur near the 
time of minimum positive velocity, and minimum light near 
maximum positive velocity. The synchronism should be exact 
if there are no disturbing influences and if the orbit is circular 
or the resistance varies exactly as the inverse first power of 
the velocity : for then the depth of the star's atmosphere, meas- 
ured in any direction, should be inversely proportional to the 
resolved part of the velocity in that direction. If, however, 
the resistance varies inversely as the velocity raised to any 
higher power than the first, and if the orbit be eccentric, then 
exact synchronism will not hold. In that case, for values of 
m between 0° and 180°, the body will be approaching periastron 
and the distortion of the atmosphere increasing when it is 
receding from the observer, and vice versa; so that maximum 
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light should occur a Httle before velocity minimum and mini- 
mum light a little after velocity maximum. For values of u 
between 180° and 360°, these conditions should be reversed. 
An inspection of Table III shows a tendency towards fulfill- 
ment of this rule, though there are several exceptions. These 
may be due to several causes, such as inaccuracy of the orbits 
or of the photometric observations, inequality of density in 
different parts of the nebulous envelope, and inequalities of 
brightness on different parts of the star's surface. In several 
cases the disagreement in the epochs of maximum or minimum 
light according to different observers would indicate an uncer- 
tainty in those epochs sufficient to account for the exceptions 
to our rule. 

The range of light variation will depend on two factors: 
the specific absorbing power of the bright star's atmosphere, 
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and the ratio of depth of that atmosphere on the front and 
rear sides of the star ; and the latter in turn will depend also 
on two factors : the relative densities of the atmosphere and the 
nebulous envelope through which it is dragged, and the speed 
of the star. To produce a variation of 0.8 magnitude — i. e. in 
order that the light at maximum shall be double that at mini- 
mum, it is of course necessary that the atmosphere on the 
following side absorb at least half the light emanating from 
that side of the star, and even with that degree of absorbing 
power the front side of the star must be laid wholly bare. 
If, however, the atmosphere on the following side absorb three 
fourths of the incident light, it need be only twice as deep as 
that on the pceceding side in order to produce the above varia- 
tion. The atmosphere of the Sun, according to Langley, 
absorbs from one half to four fifths of the light passing nor- 
mally through it, the absorption being greatest in the blue 
end of the spectrum. 

Dr. Albrecht's discovery that the maximum intensity of the 
spectrum of a Cepheid variable is shifted toward the violet 
as the star approaches maximum and redwards again as mini- 
mum approaches, is in agreement with the hypothesis of absorp- 
tion. Hale and Adams'* find a more distinct example of the 
same phenomenon in their comparison of the spectra of the 
center and limb of the Sun, in that it was necessary to expose 
eight to ten times as long at the limb as at the center for the 
violet, but only four or five times as long at the limb as at 
the center for the red. 

It will be of interest to compare spectrc^rams of the same 
star made at maximum and minimum to find out if there be 
any such changes as Hale and Adams found in the solar 
spectrum in moving from the Sun's center to its limb. None 
of the plates obtained with the single-prism instrument lends 
itself" to this purpose on account of the low dispersion, and 
the spectrograms. that I obtained of WT Auriga were taken 
with too wide a slit. 

By an inspection of Professor Wright's plates of yjAquilee, 
made with the 3-prism Mills spectrograph. Dr. Albrecht'* 

» ConfriftHliDfii from «»■■( Wilton Solar Oburt-alory, No. 17. 
^Lick Obstrvatory BuUttin, 4, 131. 1907. 
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found variations in the position of spectral lines as the star's 
light phase changed from maximum to minimum, which corre- 
spond to the changes which he observed in passing from one 
spectral type of star to another ; "' and the appearance at light 
minimum corresponds to that of an older-type spectrum, thus 
indicating an increase of absorption at minimum. 

If the nebulous envelope which I have supposed to exist 
about the darker star be similar to the Sun's corona, we may 
expect the form of the light-curve to vary slightly in a period 
of several years, since the form of the corona, and hence, the 
relative density of its different parts, vary in a similar period. 
Such a change has been suspected by Curtiss in the case of 
W Sagiitarii, and may to some extent account for the dissim- 
ilarity of the light-curves of other stars, derived from sets of 
observations made several years apart. However, in the 
present state of photometric work, this question cannot be 
decided. 

In Table III is given a list of such variable stars of the 
8 Cephei and t Geminorum types as are known to possess a 
variable radial velocity, together with their orbital elements 
and such other data as I have thought might be of interest. 
Column one contains the star's name, columns two and three 
its position for 1900.0, and the two following columns its mag- 
nitude at maximum and minimum brilliancy. V is the velocity 
of the binary system relative to the Sun, and V that velocity 
corrected for the solar motion, or the system's velocity relative 
to the system of brighter stars about us. K is the single ampli- 
tude of the velocity -curve, e the eccentricity, <u the argument of 
periastron measured in the direction of orbital motion from a 
fundamental plane at right angles to the sight line, T the time 
of periastron passage in days after light maximum, U the 
period of orbital revolution in days, and a sin i the orthographic 
projection of the semi-axis major upon the YZ plane. The 
fourteenth column gives the interval in days from maximum 
light to minimum velocity of recession, and the fifteenth the 
interval from minimum light to maximum velocity of recession. 
The last three columns give the names of the discoverer of 
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light variability, the discoverer of variability of radial velocity, 
and the authority for the orbital elements given. 

It is with pleasure that I acknowledge my indebtedness to 
Director Campbell, who placed at my disposal the necessary 
instruments, and who also aided me with advice and encourage- 
ment ; to Messrs. Wright, Moore, and Albrecht for various 
suggestions in discussing the hypotheses regarding stellar vari- 
ability ; to Professor Crawford, of Berkeley, who verified the 
mathematical work ; and to Misses Hobe and Allen, who per- 
formed a part of the computation. 

J. C. Duncan. 

Mt. Hamilton, May 35, 1909. 

The Orbit of the Cepheid Variable Star X S^gittarii.^ 
The variable brightness of XSagitlarii was discovered by 
Schmidt in 1886. Its variability was soon recognized to be 
similar in type to that of 8 Cephei, characterized by a regular 
and continuous change in light, and the inequality of the 
intervals from maximum to minimum and minimum to 
' maximum. 

The variable radial velocity of X Sagittarn was detected by 
Mr. V. M. Slipher* from his measures of the plates of June 
19 and 22, 1904. A series of spectrograms of this star was 
secured at the Lick Observatory in August, September, and 
October, 1904. with the one-prism spectrograph equipped 
with a light 60° prism.^ The period being so nearly com- 
mensurable with a day, these observations were sufficient to 
determine only seven points of the curve. It was then neces- 
sary to wait until the summer of 1905 before observations at 
inter;nediate points of the curve could be secured. When 
the 1904 and 1905 series were measured and reduced by the 
method described by Mr. R. H. Curtiss* it was found that 
the accordance of the observations, using all of the plates, was 
not satisfactory, due to differences in exposure, combined with 

■ A deliikd account □( this invntigaiion will be found in Lict Obimntory 
BHiltlin, IS?, 8, HI. 1909. 

' Lowtll ObicrviiloTy Ballitin, 11, ic)04, and Atiro^hysical Jauriuil, N. 146, ign*. 

' For a dcKriplion of the one-prism inslrument, see Mr. R. H. CutTtss's 
article. Lid Obttn/alory Bulltlin, S, 19, 1904. 
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the poor character of the lines in the star spectrum. Accord- 
ingly a series of ten plates was secured, in the summer of 
1908, with the Mills spectrograph (three-prism), using a slit- 
widlh of 0.05™" (which is about 0.010°"° to .014"™ wider than 
is used in the regular observing with this instrument), and 
the very rapid Lumiere S plates. With the exception of one 
plate, which was badly underexposed, the three-prism series 
was capable of accurate measurement. 

The final procedure was to measure only the best plates taken 
with one prism (the 1904 and 1905 series) and the new 
series of three-prism plates. 

.\fter a number of trials the following elements were decid- 
ed upon as giving the best representation of the observations : 
[7=7.01185 days (assumed) 

„ = 93'.65 
r = J. D. 2416723.0S 
a sin i = 1,334,000*'" 
F ^ velocity of system = — 13.50^" 

The epoch of greatest velocity of approach is 0.28 day later 
than the time of light maximum. The close agreement of the 
times of light maximum and of the greatest velocity of ap- 
proach is a fundamental characteristic of all variables of the 
Cepheid type, as pointed out by Mr. Albrecht." There seems 
to be no close connection in the case of X Sagittarii between 
the time of minimum light and that of the greatest velocity of 
recession, the minimum in the light-curve preceding the time 
of greatest positive velocity by about 1.7 days. This connec- 
tion does not appear, however, to be such a close one as that 
for maximum light and greatest negative velocity in the case 
of other Cepheid variables. The smooth character of the light- 
an(t velocity-curves of X Sagittarii is worthy of note. Evi- 
dently if any irregularities exist in either, they are quite small. 

J, H. MOOBE. 

Mt. Hamilton, April 19, 1909. 

' Lirk Obstn-Klory BulUlin, 4, 13a, 1907. 
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The Spectra of Some Spiral Nebul* and Globular Star 
Clusters.' 

This investigation was undertaken to test the correctness of 
the statement frequently found in astronomical literature that 
the spectra of the spiral nebuUe are continuous, and to increase 
our knowledge of these spectra in any manner possible. A few 
globular star clusters were added to the program for reasons 
given below. 

There are but two published observations, as far as known, 
which cast any doubt on the continuous character of the 
spectra of s])iral nebula: — one by Scheineh' and the other by 
HuGGiNS,' both of whom worked on the Andromeda nebula. 
Each of these observers obtained a spectrogram showing 
absorption lines: the former, lines corresponding to G (A4308) 
and H (A 3969) of the solar spectrum; the latter, the G, H, 
and K (A 3934) lines, with some others not named. The 
spectrogram by Scheiner was probably faint and there may 
be some doubt as to its interpretation, for the late Director 
VoGEL, who presumably saw the plate, when revising New- 
comb-Englemann's Populdre Astronomie several years later, 
said on page 577: "Selbst iiber das Spektrum des bekannten 
Andromedanebels ist nichts welter bekannt, als dass er nicht 
das sonst bei Nebcin gewohnlich vorkommende Gasspectrum 
zeigt." HuGGiNS does not seem to think his plate entirely free 
from suspicion, for he says:* "The photograph ... we had 
put aside ... as probably vitiated, in some unknown way, by 
the coming in of direct solar light, or of moonlight." The 
basis for this suspicion is due to the fact that an overexposed 
solar spectrum was imprinted on the same plate for compari- 
son. HucGiNs also observed visually some bright lines in 
the spectrum of this nebula. 

These two photographic (Aservations agree in showing 
absorption lines present in this nebular spectrum ; but, judg- 
ing from the circumstances as noted, the evidence can hardly 
be called conclusive. 
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The telescope used in the present investigation was the 
Crossley reflector.* Some preliminary work by the writer, in 
the summer of 1907, with this telescope and a small quartz 
spectr(^raph, on the Andromeda nebula promised interesting 
results. Accordingly a special spectrograph' was designed for 
eflkiency in observing such faint objects, using optical and 
other materials in part already on hand. 

The extremely feeble intensity of the light of the spiral 
nebuUe, even the very brightest, is hard to realize. A com- 
parison of stellar spectrograms taken with the instruments 
used in this investigation and those made with the Mills 
spectri^aph attached to the 36-inch refractor shows that the 
latter requires from twenty to thirty times as long an exposure 
as the former to obtain spectrograms of the same density, 
using the same slit-width in both cases.' Assuming the ratio 
of the exposures as i :25, and using a slit-width of 0.08""° and 
Lumiere 2 plates, it would take an exposure of 450 hours 
with the Mills spectr<^aph to obtain a satisfactory plate of 
the brightest part of the Andromeda nebula, which is one of 
the brightest of the spirals. This statement is based on plate 
45, which is of about the proper density. It is further based 
on the favorable assumption that for a spectrum of given 
intensity the exposure time varies inversely as the intensity 
of the light falling on the plate. As is well known, this is 
not the case, so that a soo-hour exposure would probably be 
nearer the truth. Under similar conditions a plate of Arclurus, 
which is of the same spectral type, could be secured with the 
Mills spectrograph in less than two minutes. 

The results of this preliminary investigation may be summed 
up in the statement : No spiral nebula investigated has a truly 
continuous spectrum. While this may be a step in advance, 
nevertheless it is wholly inadequate to answer the question 
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as to the real nature of these interesting objects which the 
work of Keeler brought so prominently before the astro- 
nomical world. Their spectra vary from those having prin- 
cipally bright lines such as are found in the gaseous nebulx 
to those containing only absorption lines of the solar type. 

In trying to interpret these results it must be remembered 
that the spectrograms obtained record only the spectra of 
the denser central portions of the nebuls. In the case of the 
Andromeda nebula this amounts to five minutes of arc. Then, 
too, the very low dispersion of the spectrograph used undoubt- 
edly masks much that is of fundamental importance. Whether 
the spiral arms will give the same spectrum as the central 
portion is a question which will be difficult to answer with 
present appliances. 

Careful consideration has been given to various hypotheses 
to account for the character of the spectra photographed. Only 
one hypothesis seems at all tenable, and serious objections can 
be advanced against this one. It may be termed the "star- 
cluster" theory, reached by the following considerations. 

The only known sources of continuous spectra are luminous 
solids, liquids, very dense gases, or possibly masses of gas of 
great thickness. To produce bright lines or bands we require 
gases or vapors rendered luminous by heat, electric discharges 
or chemical change, or substances made to fluoresce by energy 
supplied by some external agency. For absorption lines or 
bands to be present the necessary condition is an absorbing 
medium, usitally of a gaseous nature, between a source of 
continuous radiation and the observer. These are, for the 
most part, well established experimental facts. 

■ The primary or fundamental part of the spectra of the 
spiral nebula; is a continuous background. This is interrupted 
by absorption lines, and superimposed upon it in some cases 
are bright lines or bands. The matter producing the lines, 
bright or dark, must be assumed to lie between the source of 
continuous radiation and the observer. Hence we conclude 
this source to be surrounded by a gaseous envelope, of physical 
condition varying in the different nebulae and corresponding 
to the various spectra obtained. The only celestial bodies of 
this type with which we are acquainted are the stars. 
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The hypothesis that the central portion of a nebula like 
the famous one in Andromeda is a single star may be rejected 
at once unless we wish to modify greatly the commonly ac- 
cepted ideas as to what constitutes a star. Assuming, how- 
ever, an unresolved star cluster consisting of stars mainly of 
solar type we would seem to have a sufficient explanation of 
the spectrograms of the Andromeda nebula. But the ques- 
tion arises: Is it reasonable to assume that in a condensed 
duster we should have stars of one spectral type strongly 
predominating ? 

In seeking an answer to this question I have found but two 
references to observations of the spectra of known dense star 
dusters. These are not suffidently definite to settle the matter. 
HuGCiNS," in reporting an observation on the great cluster in 
Hercules, says: "Spectrum of central blaze continuous. Spec- 
trum ends abruptly in the orange. The light of the brighter 
part is not uniform; probably it is crossed by bright lines or 
lines of absorption." Vogel' likewise observed this cluster 
and writes as follows: "Der bekannte Stemhaufen im Her- 
cules zeigte ein sehr schw aches continuirliches Spectrum, 
welches sich von ca, 620 bis 450 Milliontel Millimeter verfolgen 
Hess. In demselben waren einige dunkle Streifen zu erkennen, 
konnten aber wegen zu grosser Lichtschwiiche nicht gemessen 
werden." 

It was accordingly necessary to investigate some known 
star clusters. From the Crossley negatives three dense clusters 
were selected for trial — N. G. C. 6205, 7078, and 7089. The 
first, the famous cluster in Hercules, gave evidence of con- 
taining stars of diflferent spertral types, while the other two 
gave F-type spectra only. Photographs show clusters such 
as these to be made up of two groups of stars,'" the one of 
magnitudes il to 13 and the other of about magnitude i6. 
The brighter grotip was probably the only one giving the 
spectrograms. If we could view such a cluster from a distance 
so great that it could not be resolved into its component stars 

ictieni, IH, 389. 1S66. 



:dbv Google 



142 Publications of the 

there is no question but that it would continue to give such 
spectrograms as have been described. We thus have the ques- 
tion as to whether clusters can be found in which stars of one 
spectral type predominate answered in the afhrmative. 

The "star cluster" interpretation of the results obtained 
stands or falls by the question of parallax. It does not seem 
reasonable to assume stars that should be many times smaller 
than the Sun. We also require the cluster to be at such a 
distance that it cannot be resolved. Now the only determina- 
tion of the parallax of a spiral nebula that the writer has been 
able to find is that of the Andromeda nebula by Bohlin." He 
finds this to be o".i7. His result rests on two separate 
determinations, each of which gave positive values for the 
parallax both in a and 8. The result is therefore entitled to 
some confidence. If, now, the parallax of the Andromeda 
nebula is of this order of magnitude, the "star-cluster" theory, 
at least for this particular object, is not very satis'factory. For, 
assuming this parallax ; a surface brilliancy of the component 
stars equal to that of the Sun ; and a ratio of brightness of the 
central portion of this nebula to that of the Moon of 1/180,000 
(derived from Crossley negatives) : a simple computation 
shows thai if the stars are so closely paclced as to be irresolv- 
able their dimensions are of the order of the asteroids ; while 
if assumed only as large as Jupiter they would appear some 
seconds of arc apart. This is not found to be the case. The 
"star-cluster" theory, however, seems to be the only one that 
can at all adequately explain the spectrum obtained, and an- 
other determination of the parallax, preferably by another 
observer with a different instrument, would be of great 
interest. 
Thp theory as given above is not a new one, but with the 
tion of the work of Scheineh and Hugcins on the 
mieda nebula there were no facts, so far as the writer 
;en able to find, to support it. Even now the material 
y meager and more questions have been raised than 
red. We still know nothing concerning the spectra of 
iral arms and little or no light is shed on the fundamental 
Dns of the origin of the spiral nebulae, their relations 

!r. Ittkll. o. Umdtri. A Slockhalmi Obi., 8, No. a. «. 1*07. 
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among themselves, and to other stellar objects. These ques- 
tions must be left for the future.' _ . _ 

E. A. Path. 

Mt. Hamilton, December. 1908. 

Note on the Classification of Double Stars. 

Lick Observatory Bullelin, Number 158, contains another 
list of one hundred new double stars discovered and measured 
with the 36-inch telescope. This list brings the total number 
of my published discoveries to two thousand. Arranging these 
stars according to their angular separation, we have the fol- 
lowing table: — 

Dislante No. of Pain Percentage 

r less 182 9.10 

.26 to O'.SO 444 22,20 



From this table it appears that more than one half (51.3%) 
of the stars listed belong to Struve's Class I (distance i" 
or less), and that nearly three fourths {73.8%) fall within 
the 2" limit. The thirteen pairs which exceed the limit 5".o 
have components whose difference in brightness averages 5.7 
magnitudes. In only three cases does the angular separation 
exceed 5"-2. Though the progFam of my survey contemplates 
the systematic examination of the stars only to the magnitude 
9.0, inclusive, it is inevitable that fainter stars should from 
time to time be brought into the field of the telescope. In 
this way many fainter pairs have been discovered, but, in 
general, only the very close ones have been listed. In all, I 
estimate that considerably less than 10 per cent of the pairs 
published have components whose combined brightness falls 
below 9.0 B. D, magnitude. 



liCition of [he Htriulft tlutler in lb* Ailral-hytic 
Gnd> Ihai tb» cluster U cDrnpoxd of itara of diffei 
ITOgrapbic results obtained by Ihe writer are in agrt< 

March, i909- 
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Excluding the stars south of — 30° Declination, I find by 
examining the various double-star catalogues that there are 
about 7,500 known pairs with measured distances of s" or less. 
This is an estimate only, but as care was taken to include all 
published lists and to make the estimates liberal I think the 
number given is certainly large enough. Of this number about 
4,400 have distances under 2", and 2,550 of these are under i". 
These figures are more nearly exact than the general total. 
The survey now in progress at this oliservatory has contributed 
3,300, 2,460, and 1,700, respectively, to these totals. N'early 
60 per cent, therefore of the 7,500 pairs under 5" are under 2", 
and this percentage will be raised at the completion of our sur- 
vey, for nearly 75 per cent of the 3,300 pairs already found here 
belong to the closer class. In other words, the actual number of 
very close double stars (distances under 2") greatly exceeds 
the number with moderate separation (distances between 2" 
and 5"). We are, of course, reasoning from incomplete data, 
but so far as this affects our argument it favors the opposite 
conclusion, for it is the exceptionally close pairs and those 
under 2" with one component relatively faint which are the 
ones most likely to have escaped detection. The spectroscopic 
binaries must also be taken into account and they all belong 
to the very close pairs. Keeping in mind the proportion of the 
known spectroscopic binaries to the stars whose radial veloc- 
ities have been measured, and remembering that this percentage 
is certain to be increased by the addition of spectroscopic 
binaries hitherto undetected because of smaller range of radial 
velocity or longer period, it is safe to say that the double stars 
(visual and spectroscopic), among the stars to the magnitude 
of 9.0 inclusive, with distances under 2" outnumber those with 
distances between 2" and 5" in the proportion of 3 to t. 

This conclusion, based upon data supplied by obser\'ation, 
confirms in the strongest manner the argument from the theory 
of probabilities that practically all of the closer double stars 
are binary systems. Certainly we may reasonably assert that 
a double star with an angular separation of less than 2" is a 
binary until the contrary has been demonstrated instead of 
suspending judgment until definite orbital motion has been ob- 
served. R. G. AlTKEN. 
Mt. HAMitTON, April 29, 1909. 
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CHAMBERLIN OBSERVATORY, DENVER, COLORADO. 

During the year 1908 Mr. Shelton Swan and the Director 
devoted all the time that could be spared from other duties 
to comet and asteroid observations. Miss Myrtle Richmond, 
a graduate student in the University of Denver, devoted much 
time to the reduction of observations, which are now ready for 

Herbert A. Howe, Director. 

INTERNATIONAL LATITUDE OBSERVATORY, UKIAH, CALIFORNIA. 

Regular observation for the variation of latitude was con- 
tinued throughout the year 1908. The observing program 
was that used in 1906 and 1907 ; assigned by the International 
Geodetic Association for the period of four years following 
1906.0. 

The continuity of the work was satisfactory, but was some- 
what interrupted in the summer by the heated air and smoke 
from the most serious brush fires that have visited the imme- 
diate vicinity of the observatory since its establishment. 

Subsidiary observations and reductions made from time to 
time indicated uniformly excellent stability of the instrument 
and constancy of its factors, and entirely satisfactory observa- 
tional results. . T^ n, 

James D. Maddrill, 

Astroiiomcr-in-Charge. 

LICK OBSERVATORY, MOUNT HAMILTON, CALIFORNIA. 

Inasmuch as the Director's reports to the President of the 
University of California date from July ist, the beginning of 
the academic year, the annual reports appearing in these Pub- 
lications will be for the twelve months beginning with July Jst, 
save that the series will be inaugurated by a report covering 
the period January i, 1908, to July i, 1909. This report will 
appear in the number for August. 

W. W. Campbell, Director. 

' Arranged alphsbetieilly iccordinf lo nime. 
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NAVAL OBSERVATORY, MARE ISLAND, CALIFORNIA. 

The work of this observatory during the past year has con- 
tinued about the same as in former years. The usual number 
of chronometers has been rated and issued to ships in the 
naval service and the time service has been maintained as 
heretofore. By courtesy of the Director of the Lick Observa- 
tory, in connection with the co-operation of the Bureau of 
Equipment, the longitude of the observatory was redetermined 
in May, 1908, by Professor R. H. Tucker and Mr. Sanfobd 
from Mount Hamilton. The new seismograph of the Bosch- 
Omori type, recently purchased, is being mounted in a suitable 
room, on heavy solid foundations, and it is believed that it 
will give very satisfactory records of earthquakes, The officer 
in charge of the observatory has been able to bring to a suc- 
cessful conclusion certain researches on the origin of the solar 
system, with which he has been occupied for many years. A 
preliminary report of this work has been printed in the Pub- 
lications of the Astronomical Society of the Pacific, No. 126, 
and in the Aslronomische Nachrickten, No. 4308. 

T. J. J. See, 
Professor of Mathematics, U. S. Navy, in Charge. 

SOLAR OnSERVATORY, MOUNT WILSON, CALIFORNIA. 

The continuation and extension of the researches described 
in my last annual report have led to the following results : — 

f I ) The comparative study of the spectra of the limb and 
center of the Sun favors the conclusion that the relative dis- 
placements of the lines near the limb (after eliminating the 
Doppler effect) are mainly due to pressure. Further laboratory 
work is required before a final decision can be reached. 

(2) The angular velocity of the solar rotation, as determined 
from the motions of the calcium (Hj) flocculi on the spectro- 
heliograph plates, decreases from the equator toward the 
poles. The mean velocity at any latitude is very nearly the 
same as that of the sun-spots. 

(3) The angular velocity of the solar rotation, as deter- 
mined from the motion in the line of sight of the hydr<^;en 
represented by dark lines in the solar spectrum, is more rapid 
at the equator than the angular velocity of the spots and 
calcium (Hj) flocculi, and decreases less rapidly toward the 
poles. 
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(4) The hydrogen (HS) flocculi, as measured on spectro- 
hetiograph plates, move at the equator with about the same 
angular velocity as the calcium (Hj) flocculi, and show no 
evidence of retardation toward the poles. This result was 
obtained before the discovery of solar vortices, and must be 
tested by measurements of the motions of Ha flocculi lying 
outside of the vortices. 

(5) Investigations with an electric furnace have shown that 
such changes of relative intensity as are exhibited by the lines 
of iron, titanium, and other substances in sun-spots are pro- 
duced by lowering the temperature of the furnace. This is in 
harmony with our conclusion that the temperature of these 
vapors in sun-spots is lower than in the reversing layer outside 
of spots. 

(6) The flutings of calcium hydride, as observed in another 
fomi of electric furnace, have been identified with flutings in 
our photographs of sun-spot spectra. 

(7) Through the use of the Ha line of hydrogen, it has 
become possible to photograph a hitherto unexplored region of 
the solar atmosphere. The phot<^japhs show that sun-spots 
are surrounded, and perhaps produced, hy extensive vortices. 

(8) The ccwfiponents of double lines photographed in the 
spectra of sun-spots with the 30-foot spectrograph of the tower 
telescope have been found to be circularly polarized in opposite 
directions. This and much other evidence proves that sun-spots 
contain a strong magnetic field. By means of spectrographic 
observations the areas, strengths, and polarities of these fields 
can be measured, thus permitting a magnetic survey of the 
entire visible hemisphere of the sun to be made. 

In addition to these investigations, much work of research 
described in other parts of this report has been done, and the 
work of construction has advanced very satisfactorily. A 
spectroscopic laboratory in Pasadena, equipped for investiga- 
tions requiring very high temperatures and pressures, was 
completed and occupied in March. The 60-inch reflector has 
been erected. 

Mr. W. S. Adams has continued his work as superintendent 
of the computing division, and Mr. G. W. Ritchey has had 
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chaise of construction, both in Pasadena and on Mount Wilson. 
Dr. Arthur S, King, formerly of the University of California, 
has been appointed superintendent of the physical laboratory, 
and commenced work on January ist. Dr. Charles E. St. 
John, formerly professor of physics and dean of Oberlin Col- 
lege, joined our staft in May. Mr, Ferdinand Ellermah 
has continued his work with the Snow telescope. Since the 
completion of the Pasadena laboratory. Dr. Olmsted has car- 
ried on his spectroscopic work there. Miss Louise Wake, 
Miss Jennie B. Lasby, Miss Ruth E. Smith, and Miss Cora 
G. BuRWELL have continued their study of photographs in the 
computing division. Miss Lillian M. Wickham joined the 
Staff of the computing division on February ist. 

Professor Ernest F. Nichols, Research Associate of the 
Carnegie Institution of Washington, has been engaged in an 
investigation of the absorption of the Sun's atmosphere and 
in laboratory investigations on Mount Wilson during the sum- 
mer of 1908. Dr. Walter M. Mitchell, director of the 
Haverford College Observatory, and Mr. H. C. Plummer, of 
the Oxford University Observatory, have also spent some time 
on Mount Wilson, for the purpose of becoming familiar with 
the investigations in progress. 

The work of the Smithsonian Expedition, carried on by 
Mr. Abbot during the summers of 1905-06, was renewed on 
Mount Wilson in May and is still in progress. Mr. Abbot 
is assisted in this work by Mr. Louis B. Aldrich, of the 
University of Wisconsin. It is a satisfaction to state that 
arrangements have now been made by the Smithsonian Insti- 
tution to construct a permanent station on the mountain, where 
studies of the solar constant and other investigations will be 
continued regularly in the future. 



INVESTIGATIONS I 

Direct Photography of the Sun. — Direct photographs of the 
Sun have been made daily, as heretofore, with the Snow 
telescope. 

IVork zi-ith the Specfroheliograph. — The total number of 
photographs of the Sun taken with the 5-foot spectroheliograph 
amounted, on September 30th. to 5.196. In March, through 
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the use of plates sensitized for the red by Wallace's process, 
it became possible to take photographs with the Ha line of 
hydrogen. These were found to differ in important respects 
from those obtained with Hi. As it soon appeared that the Ha 
images gave a much more complete record of the hydrogen 
flocculi, mainly because of the great strength of this hne in 
the upper chromosphere and prominences, where HS is weak, 
the former line was selected for the daily records, in place of 
HS. This change soon led to the discovery that sun-spots are 
surrounded by vortices, which occur in a region of the solar 
atmosphere higher than that recorded on HS plates. A full 
account of this work, illustrated with photographs of the 
vortices, may be found in No. 26 of the Contributions from 
the Mount Wilson Solar Observatory. 

As the rapid changes in the vortices required that many 
photographs be made at short intervals, it became necessary 
to improve the performance of the Snow telescope and to 
modify the daily prt^ram of observations so as to include 
more Ha plates. As the result of experiment it was found 
that the reduction of the aperture of the coelostat to 15 inches, 
while it only partially cured the rapid change of focal length 
caused by exposure of the mirrors to the Sun, almost com- 
pletely eliminated such evidences of astigmatism as had seri- 
ously injured earlier photographs. For this reason all Ha 
exposures are now made with the 15-inch aperture. The early 
morning observations are devoted exclusively to the photog- 
raphy of the disk with the Ha line. In the late afternoon 
additional Ha plates of the disk are taken, together with one 
prominence plate (using Ha in place of H„ the line formerly 
employed), one Hi disk and one Hj disk. 

The remarkable sharpness of the best Ha plates, and the 
evidence they invariably afford of the existence of definite 
vortices and currents in the solar atmosphere, have led to many 
important developments in our work with the spectrohelit^raph. 
It now becoiVies feasible to undertake a systematic examination 
of sun-spot theories, and to pursue many investigations hitherto 
out of reach. 

Miss Ware's measurements of the motions of 1,680 points 
in the calcium (H^) flocculi, made with the heliomicrometer 
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on fifty-one negatives, taken with the 5-foot spectroheliograph 
during the period June i8th to September 22, jgo6, have given 
the following results for the mean angular rotations (sidereal), 
corresponding to 5° zones (Table i). The means in the 
table combine the results for corresponding latitudes in the 
northern and southern hemispheres, reduced from synodic to 
sidereal values. 

Miss Ware has also measured the motions of 82S points 
in the hydrogen flocculi on thirty-five Hi plates (Table i). 
The difficulties of identification are much greater than in the 
case of the calcium flocculi, since the hydf^en flocculi change 
more rapidly in form. It is thus necessary to use plates sep- 
arated by an interval of only about twelve hours, wliereas the 
same calcium flocculus may frequently be measured on plates 
separated by an interval of two or three days. 



TABLE I. 






CileiuD 


(H,). 


Hydro 


CD (HB). 


OedMIM 


f No 


of m»iu 
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32 


M'-S 


129 


14°.3 


62 


>4 -3 


loS 


14 .1 


17 


14 -3 


'45 


14 4 


26 


14 -2 


120 


14 4 


59 


14 .2 


114 


14 -5 


S3 


14 .0 


95 


14.6 



± 30 ± 35 9P '38 61 14 .8 

±35 ±40 26 14 .0 43 14 3 

±40 ±45 6 13 .2 16 15 .2 

It will be seen that while the motions of the calcium flocculi 
clearly show a decrease in angular velocity toward the poles 
of about the same magnitude as in the case of sun-spots, the 
hydrogen flocculi do not apear to follow the same law. 

This work was near completion when the first Hn photo- 
graphs of the disk were obtained. The extensive whirls shown 
on these phot<^raphs indicate that the flocculi lying in the 
neighborhood of sun-spots, or within any region occupied by 
whirls, are unsuitable for the deteimination of the solar rota- 
tion. The H8 plates apparently represent the hydrc^n in a 
lower region of the solar atmosphere, where the whirls are 
not clearly shown. Nevertheless, the motions of the Hi flocculi 
are probably affected by the whirls, which may account for 
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many peculiarities encountered in the measurement of the 
plates. It accordingly becomes necessary to study the rotation 
at the Ha level, by means of flocculi which are well outside 
of the whirls. 

A further extension of the spectroheliograph work will soon 
be possible, as the 30-foot spectroheliograph, constructed in our 
instrument-shop during the year, is now nearly ready for trial. 

Spectra of Sun-Spots. — Many photf^raphs of spot spectra 
have been made during the year by Mr. Ad.\ms and myself. 
Most of these have been taken in the third order of the 30-foot 
spectrograph of the tower telescope and are greatly superior 
to the photographs made with the Snow telescope and 18-foot 
Littrow spectrc^raph. Double lines, which appear single in 
the previous photographs, are now clearly resolved, and a great 
number of additional faint lines, particularly those of flutings, 
are recorded. The preparation of a catalt^ue of the lines 
shown on the earlier plates was well advanced when the first 
of the new photc^raphs was obtained. Their superiority has 
made it necessary to prepare a new catalogue, which will contain 
a much greater number of lines than the former one. 

The hypothesis that the relative intensities of sun-spot lines 
are determined largely by a reduction in the temperature of 
the metallic vapors below that of the same vapors in the 
reversing layer is strongly supported by Dr. King's work with 
an electric furnace, described on another page of this report. 
Dr. Olmsted's detection of the red flutings of calcium hydride 
in spot spectra affords additional evidence in the same direction. 

The discovery of the solar vortices suggested that the rapid 
revolution of electrically charged particles (assuming a pre- 
ponderance of positive or negative ions, resulting from dif- 
fusion or other cause) should produce a magnetic field within 
sun-spots (Rowland effect). Photographs of spot spectra 
taken with the 30-foot spectrograph and the tower telescope 
showed a great number of close double lines, many of which 
had previously been seen visually by Young and Mitchell, 
who described them as "reversals." I accordingly examined 
the components of these lines and found their light to be cir- 
cularly polarized in opposite directions. This is what would 
be observed if the vapors giving rise to these lines were seen 
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along the lines of force of a strong magnetic field. Other 
spot lines, which are widened but not doubled, were found 
to be shifted in position when the nicol was rotated. Spot 
vortices rotating in opposite directions give doublets having 
components in which the direction of the circular polarization 
is reversed. Triplets, the central line of which is plane 
polarized, also occur in spot spectra. These and similar results, 
confirmed by many laboratory tests, conclusively prove that 
a powerful magnetic field (2,800 to 4,500 gausses) exists in 
sun-spots. 

Photographic Comparison of the Spectra of the Center and 
Limb of the Sun. — The completion of the tower telescope, and 
the much more powerful spectrographic apparatus available 
with this instrument, led to the transfer of the spectroscopic 
work on various parts of the Sun's disk from the Snow tele- 
scope to the tower. The considerably greater dispersion avail- 
able has proved to be of particular value in connection with 
Mr. Adams's study of the spectra of the center and limb of 
the Sun ; the quantities measured being so minute as to require 
the greatest linear scale which it is possible to obtain. In 
order to secure the two spectra simultaneously, and thus avoid 
possible errors arising from change of temperature or unequal 
illumination of the grating in the two positions of the Sun's 
image on the slit, a special attachment has been constructed 
for the purpose. Two small diagonal prisms throw light from 
the edge of the Sun upon the slit, while the light from the 
center passes unobstructed on either side of the central prism. 
Photographs taken with this apparatus have proved extremely 
satisfactory and thoroughly reliable as regards the absolute 
displacements involved. At the present time negatives are 
being taken for the purpose of providing a photographic map 
of the spectra of these two portions of the Sun's disk, and it 
is expected that this map will be completed some time during 
the winter. 

In addition to the conclusions drawn from the measurement 
of the displacements referred to in the last report, the im- 
portant result has been found that the spark or "enhanced" 
lines in the spectriun seem to show greater displacements at 
the limb of the Sun than do the majority of the other lines. 
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This has a vital bearing on the question of the level at which 
these lines originate in the Sun's atmosphere. It will require, 
for satisfactory explanation, a series of laboratory investi- 
gations on the displacements of spark lines under pressure. 

Speclrographic Investigation of the Solar Rotation. — Mr. 
Adams's photographic investigation of the rotation of the Sun, 
by means of the displacements of the spectrum lines at the 
opposite limbs, has been continued throughout the year with 
the powerful spectrograph of the tower telescope. The ad- 
vantages of this instrument over the 18-foot spectrograph of 
the Snow telescope, with which the investigation of igo6 to 
1907 was carried on, are very considerable. In addition to 
the superior quality of the solar image, and greater freedom 
from astigmatism and change of focus, the larger linear scale 
furnished by the instrument, and the possibility of setting for 
different position angles, by rotation about a vertical axis, have 
proved of great value. The plates employed in the study of 
the rotation from lines in the violet part jjf the spectrum have 
all been taken in the third order of the grating. Plates includ- 
ing the region about Ha in the red part of the spectrum have 
been taken in the second order. 

About twenty-five plates covering the same region of the 
spectrum that was employed in the investigation of last year 
have been measured and reduced. The degree of accuracy 
obtained seems to be appreciably higher than that secured with 
the plates from the 18-foot spectrograph. The comparison of 
the results of the two series of observations indicates very close 
agreement in the latitudes running from 0° to 45°. From 60° 
to the pole, however, the values obtained from the present series 
fall appreciably below those of last year, the difference amount- 
ing to about 0.04*"" at a maximum. It does not at present seem 
probable that this difference is to be ascribed to a real varia- 
tion in the rotation of the Sun, since it is not shared in by the 
zones of lower latitude, in which the activity of the Sun, as 
indicated by the presence of spots and flocculi, is much greater. 
A more probable explanation would seem to be that it is due 
to errors arising in the former series of observations, from 
astigmatism and other defects of the solar image. The values 
obtained from the present year's series of observations are now 
being collected and will be published within a short time. 
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One of the most important contributions furnished by the 
investigation of the rotation of the Sun is Mr. Adams's dis- 
covery that the hydrogen gas producing the a line of hydrogen 
moves with a decidedly greater angular velocity than the 
general reversing layer, and seems to be subject to quite a 
different law from that of the ordinary equatorial acceleration. 
The first indications that a result of this kind was to be expected 
were furnished by the study of photographs of the spectra of 
the center and limb of the Sun, and as soon as these became 
evident the investigation was continued with the regular rota- 
tion apparatus of the tower telescope. The results obtained 
from the earlier plates of the series are given in Table 2 :— 

2.07 2-21 I5°7 22-9 



1.90 2.03 IS -6 231 

173 1.87 IS .3 23-5 

1.44 1-55 IS -4 23.4 

1.04 112 IS -6 231 

0.63 0.67 16 .7 21.6 

The inclusion of a larger number of results will probably 
indicate a slight decrease in the value of the angular velocity 
toward the pole of the Sun, but the law will evidently be very 
different from that of the reversing layer. It also seems prob- 
able that the value of the angular velocity at the equator will 
be somewhat reduced when a larger series of observations 
is available. 

Some recent work on the blue hue of calcium at A 4227 
indicates that the rate of rotation given by this line differs 
from that of the general reversing layer. A series of photo- 
graphs obtained especially for the study of this line is now 
being investigated. 

Absorption and Scattering in the Solar Atmosphere. — Pro- 
fessor E, V. Nichols, Professor of Physics in Columbia Uni- 
versity and Research Associate of the Carnegie Institution of 
Washington, has just completed an important investigation on 
Mount Wilson. The object of the work is to determine the 
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law of absorption and scattering of light in the solar atmos- 
phere. An image of the Sun, formed by the Snow telescope, 
falls upon a slit. The rays which enter the slit are rendered 
parallel by a collimating mirror, pass through a large prism, 
and the spectrum thus formed is brought to a focus by a 
second mirror. A bolometer, kindly supplied by Mr. Abbot, 
is set at a certain wave-length. As the sun's image transits 
across the slit, the deflections of the galvanometer are recorded 
on a moving photographic plate. In this way photographed 
curves, corresponding to a number of different wave-lengths, 
give a measure of the solar radiation at points along a diameter 
parallel to the direction of the diurnal motion. Several refine- 
ments of the method, which are due to Professor Nichols, 
should lead to results of high precision. The observations 
have been completed and will be reduced as soon as possible, 

PHYSICAL LABOKATORY. 

To meet the needs of experimental work, which require the 
use of electric currents much stronger than can be economically 
generated on Mount Wilson, the construction of a new physical 
laboratory, on land adjoining our Pasadena instrument-shop, 
was begun in the autumn of 1907. On January i, 1908, the 
work had progressed as far as the completion of the exterior 
walls and roof and the excavation of the 30-foot pit in the 
middle of the floor. During January and February the interior 
arrangements were for the most part completed, including 
the cementing and drying of the pit, the laying of the cement 
floor with conduits for electric wires embedded in the cement, 
the construction of concrete piers for the apparatus, the instal- 
lation of the electrical machinery, and the fitting up of the 
chemical laboratory and dark-room. About March ist actual 
investigation work began with the mounting of the 30-foot 
spectrograph in the pit and the setting up of the large electric 
furnace, the construction of which had been c(»npleted in the 
machine shop after being received from the maker. A descrip- 
tion of the laboratory may be found in Contributions from the 
Mount Wilson Solar Observatory, No. 27. 

The electric furnace quickly yielded resuUs which demon- 
strated its superiority for spectroscopic work over any existing 
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apparatus of the kind. The work so far carried on by Dr. 
King has included a study of the spectra of iron, chromium, 
titanium, and vanadium, as given by the furnace in vacuum 
at different temperatures. The effect of temperature and dif- 
ferent amounts of vapor upon the principal lines of calcium 
was also observed. A series of measurements were made with 
an optical pyrometer to obtain the temperatures at which the 
various spectra were produced. Temperatures as high as 
3,000° C. were measured. The spectra show almost as many 
lines as are given by the electric arc; while the effects of 
different temperatures in changing the relative intensity of 
lines are of high interest when considered in connection with 
both astronomical and physical problems. The effect of dif- 
ferent gases in the furnace, also of high pressures and the 
observation of absorption phenomena, offer each a large field 
of work which has not yet been taken up. 

During April an electric furnace of the Moissan type, in- 
closed in an air-tight chamber, was set up and has been used 
by Dr. Olmsted for the investigation of the spectra of hydrides, 
to be used for comparison with solar spectra in the identifica- 
tion of unknown lines, especially of the flutings obtained in 
the spectra of sun-spots. Good results for the spectra of mag- 
nesium and calcium hydrides are being obtained. 

The recent discovery of the separation of lines in sun-spots, 
indicating the presence of magnetic fields on the Sun. has led 
to a supplementary laboratory investigation of the Zeemaii 
effect, the large Du Bois electro -magnet being arranged so 
that an electric spark between the poles may be photographed 
either parallel to the lines of magnetic force or at an angle to 
them. The magnet gives a field strength up to 36,000 c. g. s. 
units. Photographs are being obtained of the spectra of iron 
and other substances, giving an excellent separation of the 
spectrum lines for magnetic fields of ^nown strength, allowing 
a detailed comparison with the separations obtained in the 
solar photographs. 

Most of the laboratory investigations cover the whole range 
of the visible spectrum, requiring the use of photographic 
plates sensitive to red light in addition to those commercially 
obtainable. The laboratory dark-room is fitted up for the 
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sensitizing of plates for the red region, which are thus used 
while perfectly fresh and are handled with the same facility 
as the ordinary plates. 

The comparison of intensities of lines on photographic plates 
has been carried on by Miss Wickham of the computing 
division through the yse of the Zeiss spectrocomparator, adapt- 
ed so as to show a portion of the spectrum under examination 
and a specially prepared photographic scale in the field of view 
at the same time, giving a definite value to the intensity of each 
spectrum line and allowing an accurate comparison of the 
intensities of lines in different spectra. 



COUFUTING D 

Some of the results obtained in the computing division, 
under the direction of Mr. Adams, have already been given. 
The heliomicrometer has been used by Miss Ware for all 
measurements of the positions of flocculi. The rapidity of 
measurement has been greatly increased by ruling one hemi- 
sphere of the globe with meridians and parallels 1° apart. The 
position of the cross-hairs, after they have been set on a floc- 
culus, is estimated to tenths of a degree. The precision of 
measurement proves to be amply sufficient ; in fact, the latitudes 
and longitudes are almost as precise as those obtained with 
the aid of the circles. 

The measurement of the areas covered by the calcium floc- 
culi, to serve as an index of the solar activity, has been con- 
tinued throughout the year. This work has been carried on 
by Miss Smith with the aid of the special photometer devised 
for this purpose and referred to in the report of last year. 
The method of reduction which has been followed is the same 
as that previously described and the results obtained have 
proved to be fully as satisfactory as the character of the objects 
measured would seem to warrant. The values obtained for a 
period of about seven months have been platted and indicate 
very clearly the variation in the areas covered by the fiocculi 
as the spot-groups pass across the surface of the Sun. The 
time interval is of course too short to give any indication of 
the eleven-year period, but there is every reason to suppose 
that these determinations will furnish an excellent measure of 
the Sun's activity. 
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The measurement of the plates used in the determination of 
the rotation of the Sun has been done for the most part by 
Miss Lasby, and in addition she has devoted considerable time 
to the measurement of the displacements found in the spectra 
of the center and limb of the Sun. The extension of the rota- 
tion work to include the lines of hydrM;en and the line oi 
calcium at A 4227 has increased considerably the amount of 
measurement which it has been necessary to do in carrying out 
this research. 

The definitive reduction of our plates of the sun-spot spec- 
trum, and the identification of the unknown lines which appear 
on them, has involved a great amount of measurement and 
reduction. This work has been carried on for the most part 
by Miss Burwell and Miss V/ickham. Miss BuRWELL.has 
determined the wave-lengths of the sun-spot lines, and Miss 
WiCKHAM has measured, for purposes of identification, plates 
of the titanium-oxide Rutings obtained in the laboratory. Some 
idea of the amount of labor involved may be obtained from 
the fact that in the extent of spectrum between k 5000 and 
A 5500 there occur over 1,500 hues, whose wave-lengths in 
the spot spectrum must be determined and for which suitable 
identifications with laboratory spectra have to be found. 

In addition to her work on the measurement of the titanium- 
oxide flutings, Miss Wickiiam has devoted much time to the 
estimation of the intensities of the lines upon the plates of 
furnace spectra obtained by Dr. King. 

OOWSTBUCnON DIVISION. 

The construction division, under the superintendence of Pro- 
fessor RiTCHEY, has been occupied during the year with the 
erection on Mount Wilson of the steel building and dome for 
the 60-inch reflector; the completion of this instrument, its 
transportation to the mountain and its erection in the dome ; 
the erection and equipment of the new spectroscopic laboratory 
in Pasadena: the construction of a spcctroheliograph of thirty 
feet focal length and a grinding-machine for the lOO-inch 
Hooker mirror ; the completion of the Mount Wilson road ; and 
other miscellaneous work. 
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The instrument and optical shops were closely occupied with 
the 60-inch reflector during the entire year. The optical work 
included the grinding and figuring of the two plane and two 
hyperboloidal mirrors, which were tested in combination with 
the 60-inch mirror. In the instrument shop the mounting was 
completed and erected, so that the operation of all pafts of the 
mechanism could be thoroughly tested before they were sent 
to the mountain. In the tests the various quick and slow mo- 
tions, effected by electric motors, worked perfectly, and the 
mounting showed no evidence of flexure. 

The experience of the previous year had shown the necessity 
of widening some sections of the Mount Wilson road, in order 
to permit the large and heavy parts of the mounting to be 
carried safely on the automobile truck. This work was done 
in the spring, immediately after the close of the rainy season. 
At the same time the erection of the steel building and dome 
was resumed. During June and July the mounting was taken 
to the summit without difficulty on the truck, though four 
strong mules were needed to assist the engine in hauling the 
heaviest loads, weighing five tons, over the steep grades. The 
most troublesome load was the large steel telescope-tube, 6.5 
feet in diameter and 18 feet long, which was taken up as a 
single piece. All parts of the telescope, including the 60-inch 
mirror, reached the summit without the slightest injury. Work 
on the dome and building was completed early in September, 
and the telescope was ready for use in December. It is now 
yielding excellent photographs of nebulae and other objects. 

A spectroheliograph of thirty feet focal length, designed for 
use with the tower telescope, has been completed and is now in 
use. The great linear dispersion of this in.strument. and the fact 
that it will permit three photographs of the same region of the 
Sun to be taken simultaneously with the light of three different 
hnes, should prove advantageous in certain new fields of solar 
research. The dispersing member of this spectroheliograph is a 
large fluid prism, with circular faces twelve inches in diameter, 
which is twice traversed by the light (Littrow arrangement). 

A loo-inch disk for the Hooker telescope mirror has been 
received from the St. Gobain plate-glass works, but it is not 
sufficiently homogeneous, and another one will be cast. 

GroKciF, E. Hale, Dircclor. 
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students' observatory, BERKELEY ASTRO.VOMICAL DEPARTMENT, 
UNIVERSITY OF CALIFORNIA. 

The work of the Berkeley Astronomical Department during 
the last year has been confined almost entirely to instniction. 
The enitillment for the year exceeds the five hundred mark. 
No additions have been made to the teaching force. Several 
courses that are usually given could not be given this year, due 
to the absence of the Director, Professor A. O. Lecschner, 
who has been abroad since July on his sabbatical leave. Be- 
cause of his absence no work has been done upon the \\'atson 
asteroids. 

A short but excellent series of photographs of Comet More- 
house was obtained in October by Mr. Meyer. The orbit of 
this comet was computed by Messrs. Einarsson and Meyer. 

The Acting Director, assisted by Mr. Meyer, computed the 
orbit of Jupiter's VIII Satellite by Leuschner's method. 

A few micrometer observations of Comet Morehouse have 
been made. The regular seismological and meteorological 
observations have been continued during the year. The orbits 
of Comet Morehouse and Jupiter's VIII Satellite have been 
published in the Lick Observatory Bulletin. 

A few additions have been made to the equipment of the 
observatory, among which are: i. A new position micrometer 
for the 6-inch telescope, made by Gaertner of Chicago {the 
old micrometer has been adapted for use on the 5-inch tele- 
scope ; 2, A small spectrometer for student use ; 3. An induction 
coil; 4. A storage battery. 

In September Director Leuschner attended the \'ersamni- 
lung der Astronomischen Gesellschaft at Vienna, when he 
presented an outline of his new analytical method for determ- 
ining the orbits of new satellites. His paper is entitled "Ver- 
such einer Bahnbestimmung mit sofortiger Beriicksichtigung 
der Storungen." It has been published in the J'icrteljahrs- 
schrift der Astronomischen Gesellschaft. 

R. T. Crawford, Acting Director. 
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GENERAL NOTES. 

A Bright Meteor.— Dr. G. K. Gilbert, of the U. S. Geo- 
logical Survey, has sent a memorandum of a bright meteor 
seen by him at 9 140 r, m, on April 4, 1909, at Berkeley, Cali- 
fornia. From a sketch furnished by the observer it is shown 
that the meteor appeared some ten degrees below Alioth 
(tUrsa Majoris), moved downward and toward the west, 
disappearing behind the Berkeley hills some distance west of 
Grizzly Peak, at a point which would make nearly an equi- 
lateral triangle with Alioth and Polaris. This point was prob- 
ably very close to the head of the Dragon. Dr. Gilbert's 
notes concerning the meteor are as follows: "Seen from 
campus, near athletic field, Berkeley, California. Motion slow. 
Meteor increased in brilliancy as it descended and also divided 
so as to make a cluster. Train distinct but much less persistent 
than those of the Perseids. Train yellower than the meteor. 
Diameter of cluster before disappearing behind hills about one 
tenth of Moon. A meteor as bright as Venus was seen the 
previous evening." 

Compendium of Variable Stars. — At the last meeting of the 
Astronomische Gesellschaft Rev. Father J. G .Hagen, S. J., 
announced the preparation, in collaboration with Dr. Stein, of 
a book on variable stars, under the title, "Ein Lehrbuch der 
veranderlichen Sterne." The book is to consist of two parts, 
a technical part to be prepared by Mr. Hagen and a theo- 
retical part to be prepared by Mr. Stein'. 

The technical part is to be treated under three heads — 
statistics, methods of observing, and methods of reduction, — 
and each of these is to be treated under several sub-heads. 
The theoretical part is to be devoted to the several theories 
which have been advanced to explain the phenomena of variable 
stars. These are to be treated under two general heads — first, 
those referring to single stars, and. second, those referring 
to double or multiple stars. 

The above information is taken from a rather elaborate 
outline of the contents of the proposed book given in the 
Vierteljahrsschrift der Aslronomischen Gesellschaft, 43, part 4. 
This book will, we feel sure, be of great interest to variable 
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star workers, and the reputations of the authors guarantee 
that the work will be executed with great care and scientific 
accuracy. S. D. T, 

Kotes from "Science." — Professor H. G. van de Sande 
Bakhuvzen has retired from the directorship of the Leyden 
Observatory and is succeeded by Mr. E. F. van de Sande 
Bakhuvzen. 

Dr. Max Wolf has been appointed director of the observa- 
tory at Heidelberg in succession to Dr. Wilhelm Valentineb, 
who has retired owing to ill health. 

Dr. Hermann Kobold has been called from Kiel, to a pro- 
fessorship of astronomy at Berlin. 

Professor George E. Hale, director of the Mount Wilson 
Solar Observatory, has been elected a foreign member of the 
Royal Society. 

A geodetic survey department for Canada has been estab- 
lished under Dr. W. F. King, chief astronomer of the 
Dominion. 

Xatianal Academy. — At the annual meeting of the National 
Academy of Sciences held in Washington during the latter 
part of April two papers upon astronomical subjects were 
presented: "The Nature and Possible Origin of the Milky 
Way," by G. C. Comstcck; and "Determinations of Stellar 
Parallax from Photographs Made by Arthur R. Hinks and 
the Writer," by H. N. Russel (introduced by G. C. Com- 
stock). An abstract of Professor Comstock's paper has been 
printed in the number of Science issued on May 21st. 

Four California astronomers took part in the Astrographic 
Chart Conference at Paris, April 19th, — Professors Hale, 
Lel'schner, Perrine, and Ritchey, 

There is an interesting article in the May number of Observa- 
tory, by Professor Wiiittaker, Astronomer Royal of Ireland, 
on "The Professional Training of Astronomers." The article 
was intended to be suggestive to university students of astrono- 
my and their teachers, but will also interest amateurs who 
desire to equip themselves for astronomical study. The period- 
ical is in the Society librarj-. 
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AMENDMENT TO BY-LAWS. 

At the annual meeting of the Board of Directors of the Astronomical 

Society of ihe Pacific, held in San Francisco on March 27, 1909, a. 

report was presented by the Committee on Publication recommending 

an amendment to the By'Laws as follows: — 

Wt r»conim«id that Ihe second p»rs8r»ph of afticle IX of Ihe B»-L»w« be 
■mended lo read ss follows:— 
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Ihe 
change »iJ! 

Il was the unanimous opinion of the six Directors present — viz., 
Messrs. Bl'RCK halter, Hale, Galloway, Cushing, Moleka, and Craw- 
ford — that the By-Laws should be amended as recommended by the 
committee, and the Secretary was instructed to obtain the written con- 
sent of al least three other Directors, which has now been done through 
Directors Campbell, Aitken, and Richardson. 

D. S. Richardson, Srrrelary. 
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SIMON NEWCOMB. 
Bv R. G. AiTKEN, 

That by the death of Simon Xewcomb on the nth of July, 
1909, America lost her foremost astronomer, if not her fore- 
most man of science, is universally acknowledged. We may, 
indeed, say with confidence that Professor Newcomb, for the 
past thirty years, ranked as one of the two or three greatest 
astronomers, not only of America, but of the world. It is a 
matter of satisfaction to recall that our Society brought this 
fact into prominence more than ten years ago. 

In the autumn of 1897 letters were addressed by our secretary 
to the directors of the Berlin, Greenwich, and Paris observa- 
tories in Europe, and of the Harvard, Lick, and Yerkes ob- 
servatories in this country, asking them to assist us in carrying 
out the statutes for the award of the Bruce Medal by nominat- 
ing not more than three persons each who, in their judgment, 
were entitled to receive the medal ' "for distinguished services 
to astronomy." 

The statutes for the award of this medal, wisely adopted by 
Miss Bruce at Professor Holden's suggestion, provide that 
the medal can be awarded by the Directors of our Society only 
to persons thus nominated by the^heads of six of the great 
observatories of the world, and I think I am betraying no con- 
fidence when I say that the Directors of the Society, so far, 
have conferred the medal upon that astronomer whose name 
was most prominent on these nominating lists. 

Therefore, as Mr. Willi.^m Alvohd, President of the So- 
ciety, in his address on awarding the first Bruce Medal, said, 
"... it will be perfectly clear that the recipient must have 
endeared himself, in a scientific sense, to the astronomers of 
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the world." I cannot do better than to quote further from 
this address: "Not only will this also be true of each subse- 
quent bestowal of the medal, but such a condition must espe- 
cially mark this first presentation, since, according to the desires 
of Miss Bruce, the medal is to be "international in character, 
and may be awarded to citizens of any country and to persons 
of either sex.' It must strike us, then, with peculiar force that 
of all the names of living astronomers that have been so bril- 
hantly connected with the wonderful advances in astronomical 
research during the past half-century, with all the manifold 
branches of observational work, mathematical investigation, 
spectroscopic and photographic study, in which to seek out a 
worthy exponent for this distinction, one name stood forward 
so prominently in the communications from heads of six 
leading observatories of the world, that the Directors of this 
Society could but set the seal of their approval upon the 
verdict of his peers, and award the first Bruce Medal to Simon 
New COMB," 

It is not my purpose to write a formal sketch of Professor 
Newcomb's life. The salient features of his career may be 
gathered from any one of the numerous notices that have been 
printed since his death, or from the address ' from which I 
have just quoted. And any readers who desire a more com- 
plete account than these articles provide cannot do better than 
to read his "Reminiscences of an Astronomer," in which he 
has given us not only an excellent autobiography but also 
many interesting sidelights on the history of astronomy in 
this country. 

I do, however, desire to dwell upon certain features of his 
career that seem to me worthy to be strongly emphasized, 
particularly the great services he rendered to astronomy out- 
side of his technical contributions and researches, and, in this 
connection, to bring again to your attention the important 
relation in which he stood to the Lick Observatory in its 
early history. 

It was in the summer of 1874 that Mr. D. O. Mir,Ls. Presi- 
dent of the first Board of Lick Trustees, visited Washington 
to consult with the astronomers there, especially Professor 
Newcomb, concerning the proposed Lick telescope. As 
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always in such matters, Newcomb took the greatest interest 
in this new foundation, and gave the best advice in his power. 
Among other things, he suggested at that time that Professor 
HoLDEN would be well qualified to serve as director, and we 
have the authority of both men for saying that sketches of 
the plans of the observatory were drawn by them in that year. 
The plans finally adopted did not differ in material points from 
these early sketches. 

In 1875, Professor Newcomb visited Europe for the Lick 
trustees "with a view of determining whether there was any 
chance of getting the telescope made abroad." 

The report was not very encouraging, and when Mr. Lick's 
death left the third Board of Trustees free to act as they 
deemed best, the contract for the lenses was awarded, as is 
known, to the Clahks. It is certain that Newcomb strongly 
favored this, and also that his advice weighed heavily in the 
decision to build a refracting telescope rather than a reflector. 
In 1876 Captain Floyd, chairman of the third Board of Trus- 
tees, visited him; in 1879 Floyd and Fraser, superintendent 
of construction of the observatory, consulted him in Wash- 
ington ; in September of that year he spent several days on 
Mount Hamilton, while Bubkham was engaged, at the recom- 
mendation of both Newcomb and Holden, in testing the 
atmospheric conditions there. It was in the autumn of the 
same year that the preliminary plans for the building were 
drawn at Washington under the Joint direction of these two 
astronomers in Newcomb's office. In 1885 he was again con- 
sulted, this time "on the question of choosing Professor Hol- 
den as president of the University" of Cahfornia; and in 1887 
he was invited to go with Captain Floyd to Cleveland "to in- 
spect the telescope, which was now nearly ready, for delivery." 

I think it is clear from these facts that Professor Newcomb's 
advice and recommendations were most potent factors in 
shaping the policy of the Lick Trustees, not only in the matter 
of buildings and equipment, but in the far more important 
matter of selecting the man who was to plan and direct the 
scientific work of the new observatory. To the close of his 
life Professor Newcomb continued to take the keenest interest 
in the work of the Lick Observatory, and stood ready at all 
times to aid its successive directors in every way in his power> 
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This little history furnishes an excellent example of what I 
mean by the influence Professor Newcomb exerted upon the 
progress of astronomy in this country during the half-centur)' 
of his active career. 

His official position, his eminence as an investigator, his 
practicality and sound common sense, and his forceful person- 
ality combined to give to all of his opinions the greatest 
weight. He was of course very influential in securing the 
powerful equipment of the Naval Observatory, and he was one 
of the chief advisers to the National Government in the devel- 
opment of several of the scientific bureaus at Washington. 
It is well known, also, that he was freely consulted by the 
astronomers of this country not only, but by those of Europe 
as well, on many of the important projects that have advanced 
our science during his lifetime. 

Now we find him one of the leading members of the inter- 
national committee which, at Paris in i8g6, adopted a unifonn 
system of constants for use in the nautical almanacs and 
ephemerides of the world ; again, as leader of the astronomical 
congress held in connection with the dedication of the Yerkes 
Observatory; then as first president (re-elected as long as he 
would serve) of the Astronomical and Astrophysical Society 
of America ; as president of the International Congress of Arts 
and Sciences at St. Louis in 1904; — the list could be made 
almost as long as the hst of his scientific memoirs or as that 
of the honorary degrees, medals, and other distinctions con- 
ferred upon him. In all of these capacities his qualities of 
leadership were strongly exerted to stimulate the broadest 
possible development of the science to which he was devoted 
and particularly to encourage the growth of that spirit of 
co-operation in large programs of work that now characterizes 
astronomy. 

Nor was he less interested in promoting the work of indi- 
vidual astronomers of whose ability he was convinced, a fact 
to which several of the recently published notices of his life 
bear witness. 

While' thus doing what he could to advance the science of 
astronomy professionally. Professor Newcomb also realized 
the desirability of popularizing, in the best sense of the word, 
the advances of our knowledge of the universe. Too often it 
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happens that the scientific investigator considers it beneath 
his dignity to write a popular article. In many other cases 
the able student is not qualified to present the results of his 
work in non-technical language. But Newcomb added to the 
power of clear thinking the faculty of lucid expression, and 
he cheerfully devoted these powers to the task of writing books 
and magazine articles in which the latest results of astronomical 
research were made clearly intelligible and even fascinating 
to the general reader. Through these writings and his numer- 
ous lectures and addresses he exerted an influence on the 
progress of astronomy that is incalculable. When one considers 
the enormous amount of labor involved in the extensive tech- 
nical investigations which he conducted, one must wonder how 
he found time for all of these additional activities. It is 
obvious that he could only do so because, in addition to his 
genius as a mathematician and astronomer, he possessed in 
an unusual degree the power of continuous work. 

As a general rule a man who would carry a great piece of 
research work to completion must take as his motto, "This 
one thing I do," and must decline to undertake any other seri- 
ous duties. So far as his professional labors were concerned. 
Professor Newco.mb, too, adopted this motto, at least in spirit, 
for he steadfastly refused to be turned away from the life 
task he had chosen by any offer, however tempting, of work 
in other lines. 

It is not necessary at this time to review this great work, 
which amounted practically to a complete revision and redis- 
cussion of all the data of gravitational astronomy. It has been 
dealt with in part in the Bruce Medal address, already quoted, 
and more fully in a recent article in Science ' by Dr. G. W. 
Hill, who was Professor Newcomb's associate in a consider- 
able part of it, and who of all living men is perhaps best fitted 
to estimate its importance. 

It is a pleasure to think that Professor Newcomk had the 
satisfaction of rounding out his work by the completion of 
his final memoir on the Moon's motion. His unfaltering loyalty 
and indomitable will and courage kept him at his work to 
the closing hours of his life, and only a few weeks before the 
end came the final pages were written. 
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It is gratifying, too, to think that, so far at least as the 
scientific world is concerned, his great services were adequately 
recognized and honored during his lifetime. 

September, igog. 



THE RETURN OF HALLEY'S COMET. 
Bv W. W. Campbell. 

A celestial event of unusual interest is expected soon — the 
return of Halley's Comet. Its appearance will be welcomed 
as the coming of a faithful friend, whose visits to the Sun's 
domains have repeated themselves once every seventy-seven 
years since long before the time of Oirist. Any day may 
bring the news that this object has been re-discovered, near 
the northern edge of the constellation Orion; but we are really 
not expecting the announcement until the last third of 1909- 
The comet will be faint when first seen, for we know quite 
closely where to look, and the most powerful photographic 
telescopes in several countries are periodically "prospecting" 
the critical region. 

Why is this comet known as Hallev's? The incidents con- 
nected with its christening form an interesting chapter in the 
early history of astronomy. A brilliant comet appeared in 
1682, when Halley was a young man, in England. This 
was Halley's Comet, but his name was not connected with it 
until much later, as we shall explain. Halley's friend, the 
great Sir Isaac Newton, had but recently (about 1670-80) 
discovered the law of gravitation, and had proved that a comet 
or other body completely subject to the Sun's attraction must 
move in an ellipse around the Sun. \ewton was of a retiring 
disposition and took no steps to make known his immortal 
discoveries. Halley, on the contrary, was a man of action. 
These characteristics of the two men are apparent from their 
portraits. The manuscript copy of Newton's Prindpia was 
entrusted to Halley. and the latter, in the absence of other 
funds available for the purpose, published the book in 16S6, 
at his own expense, though he was a man of small financial 
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means. This act alone stamps Halley as worthy of our 
homage. 

Halley realized the wonderful import of The Great Law, 
certainly as early as 1685, but his opportunity for systematic 
work in astronoTny did not come until 1704, when he was 
appointed professor of geometry at Oxford. He immediately 
began the study of comets, basing his studies upon Newton's 
law. He became the first great calculator of comet orbits. In 
a little more than a year he had twenty-four to his credit; 
orbits of all the comets, in fact, for which be could find 
accurate observations. This meant prodigious labor, in those 
days, for the good observations and the highly developed 
methods of our time were unknown. He found that three 
comets out of the twenty-four had traveled from distant space, 
around the Sun, and out into distant space, aiong the same 
path, whereas the other twenty-one had each a different path. 
Were these three comets one and the same body? If so, their 
common orbit must be an ellipse. The crude observations 
of the sixteenth and seventeenth centuries did not permit him 
to decide whether the orbit was a long ellipse or a parabola 
(a curve extending out to an infinitely great distance). If 
the latter, the three comets would have traveled away from 
our solar system never to return. If they were the same body, 
they should have returned at about equal intervals of time ; and 
this is what did occur, for the dates when the three comets 
had been nearest to the Sun were — 

1531 August 24 

1607 October 16 I''t«"'^l. 76.2 years 

1682 September 4^"*'"*'' 74-^^"" 
The small inequality of intervals he correctly attributed to the 
disturbing attractions of the planets Jupiter and Saturn. He 
predicted that the great comet would complete another revolu- 
tion in its orbit in seventy-five or seventy-six years and reappear 
about 1758. He said that he could not predict the time more 
accurately, for the effects of Jupiter's and Saturn's disturbing 
attractions were not yet computed. Halley (born 1656, died 
1742) knew that be would not live to witness the return, but 
he confidently and patriotically called upon posterity to remem- 
ber that this prediction had been made by an Englishman, — 
"ab homine Anglo." 
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The comet did return, in March, 1759. It was a little later 
than expected because of the disturbing attractions of the 
planets Uranus and \cptunc, which had not yet been discov- 
ered, and whose influence upon the comet's orbit, therefore, 
could not be taken into account. This was indeed a great tri- 
umph in exact science, made possible by Newton's overwhelm- 
ing genius and Halley's vigor. It is easy to predict the 
returns of comets in the twentieth century, but this is so because 
Xewton and Hallev lived and labored as pioneers. 

Halley's Comet reappeared in 1835. within a few days of 
the predicted time. It is due lo be again "in perihelion," 1'. e., 
nearest to the Sun, in the first half of April, 1910. The comet, 
though invisible, is at present (April, 1909) much closer to us 
than Jupiter is, and slowly drawing nearer to the Sun. When 
we may expect to sec it without telescopic assistance and how 
bright it will be at maximum are too uncertain for prediction. 
Certainly for a few months in the first half of 1910 it should 
be a conspicuous object. Comets brighten and develop their 
tails as they approach the Sun, reaching their greatest develop- 
ment when in or near perihelion. For this reason it is their 
unfortunate practice to disappear from view, in the Sun's 
glare, just when they are largest; and Halley's Comet will be 
out of sight for a few days while it is passing on the other 
side of the Sun, probably in March, 1910. We should see it 
at its best just after perihelion passage. 

The history of this most famous of comets prior to Halley's 
first date, 1531. has been traced by three able English astrono- 
mers. Hind, Cowell, and Crommelin, as far back as B. C. 
240. In all, twenty-nine appearances recorded in history have 
been identified. These have occurred at average intervals of 
seventy-six and three-quarters years. The individual values 
of the intervals have varied between seventy-four and a half 
and seventy-nine years, according as the disturbing actions of 
the planets combined to shorten or to lengthen the period. 

There are extant several quaint pictorial representations at 
many of its early returns. .An especially interesting one, 
though of minimum scientific value, is for the return in 1066, — 
the year of William the Conqueror's invasion, — as preserved 
in the famous Bayeux Tapestry. Sir John Hehschel's draw- 
ing is probably our be?t record of its appearance at the 183S 
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return. Fortunately we now have photography to make per- 
manent records of both its general and its detailed structure. 
The dry-plate puts down details which the eye cannot see, and 
it does the work with great accuracy. Since Barnard's pio- 
neer success in the photography of comets at the Lick Ob- 
servatory, about 1890, no one seriously attempts to "draw" 
a comet. An inspection of the two photographs of Comet 
Morehouse, just visible to the naked eye in the fall of 1908, 
will show the richness of structural detail, none of which could 
be seen in any existing telescope. 

The long elliptical orbit of Halley's Comet and the nearly 
circular orbits of the Earth, Mars, Jupiter, Saturn, Uranus, 
and Neptune are represented in the figure — approximately to 
the correct scale ; but it should be said that the plane of the 
comet's orbit makes an angle of 18° with the Earth's orbit 
plane. The comet's orbit therefore passes "through" the 
planetary orbits like the two adjacent links of a chain. The 
comet will approach within fifty-six million miles of the Sun, 
and then recede during thirty-eight years until it is far beyond 
Neptune's path. In perihelion it must travel thirty-four miles 
per second, but at the outer turning its speed will be less than 
one mile a second. 

For purposes of description, it has been found convenient to 
divide the structure of a comet into three parts, as follows : — 

1. The densest and brightest part near the center of the 
head, called the nucleus. Nearly all the mass of a typical comet 
resides in the nucleus. 

2. The coma, or envelope of low density surrounding theT 
nucleus. In occasional comets the head consists entirely of 
coma without an apparent nucleus. 

3. The tail, which always points approximately away from 
the Sun. When the comet is traveling toward the Sun the tail 
follows the head ; when the comet is going away from the 
Sun, the tail precedes the head. This is illustrated in the 
drawing of the comet's orbit. 

The fact that a comet's tail always points away from the 
Sun was early recognized. There could be no doubt that 
some force originating in the Sun was repcllant to the ma- 
terials composing the tail ; but to determine the nature of 
this force defied us for generations. 
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Since the coming of photography and the accurate recording 
of details of comet structure utterly invisible to the eye, it 
has been possible to measure these motions. Comparisons of 
photographs of the same comet made two or three hours apart 
have shown that condensations and other structural forms 
have moved rapidly outward during the interval ; only a few 
miles per second at first, but faster and faster as the distance 
out in the tail increased. Some observed speeds have been 
nearly fifty miles per second. Fifty miles per second is more 
than four million miles per day. If such motions exist, the 
constituents of the tail on one night are not the constituents of 
the tail of the following nights. Photographs of many comets 
taken on certain nights seem to bear no resemblance to those 
taken on the preceding or following night. The tails of the 
earlier dates have been driven off into space, scattered into 
invisibility, and entirely new tails have taken their places. 
The forces acting outwardly from the Sun and responsible 
for these expulsions were mysterious, and it is only within 
the last ten years that a fairly satisfactory theory has been 
established. Half a century ago the great physicist, Clerk- 
Maxwell, in developing the electro-magnetic theory of light, 
deduced mathematically that the so-called light- and heat- 
waves, in striking upon any object, exert a pressure upon that 
object, very much as ocean waves falling upon the cliffs press 
against the obstructing rocks. The pressure due to light- and 
heat-waves, called radiation pressure, is extremely slight; so 
shght, in fact, that skilled experimenters were unable to detect 
Its existence for many years. At last, about the year 1900, a 
Russian physicist, Lebedew, was able to observe this effect ; 
and a few months later two American physicists, Nichols and 
Hull, were even more successful, for their accurate observa- 
tions showed a satisfactory agreement with the deman<ls of 
Maxwell's theory. 

Almost immediately the famous Swedish scientist, Ar- 
RHENius, expressed his belief that in this pressure of the Sun's 
heat- and light-waves we have the force which forms comets' 
tails. All the materials of a comet are necessarily attracted 
by the Sun, according to the law of gravitation. There can 
be no doubt that they are also acted upon by radiation pres- 
sure. The former seeks to draw all into the Sun, the latter to 
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drive them into outer space. These are opposing forces. On 
the more massive parts of a comet, ccmiprising the nucleus, 
radiation pressure is ineffective ; and the nucleus moves along 
in its prescribed curve with remarkable precision. Not so with 
the finely divided materials of the coma and tail. Gravity 
acts as a function of a particle's mass, whereas radiation pres- 
sure's action is dependent upon the surface-area of a particle in 
relation to its mass. As particles beccane smaller and smaller a 
size will be reached such that these opposing forces will be 
precisely balanced. Particles larger than these wilt be drawn 
nearer to the Sun. Particles smaller will recede from the Sun. 

What seems to take place in a comet is something tike this: 
Minute particles of solid matter or molecules of gas are ex- 
pelled from the nucleus chiefly on the side toward the Sun, 
probably under the influence of the Sun's heat. Radiation 
pressure acts upon these particles to turn them directly away 
from the Sun; and the cloud of particles thus projected forms 
the tail. As the repellant forces act continuously, the particles 
must travel continuously faster ; and this is the observed 
fact. Smaller and less dense particles must travel more rapidly 
than the larger and denser ones. 

The constant expulsion of matter along the tail into outer 
space must of necessity cause a comet to grow smaller. Dis- 
integration is continuous, and the tail at any moment is made 
up of materials lost forever from the nucleus. Several faint 
comets moving around the Sun in small orbits have been 
observed to be fainter at each successive return. Some have 
even disappeared entirely. Two such comets, now lost to 
view, reveal themselves only by virtue of meteor showers 
about the middle of August and the middle of November : the 
matter composing their nuclei has been scattered along their 
orbits, and the annual passing of the Earth across these 
orbits leads to collisions between the cometary fragments and 
our higher atmosphere. There is no reason to doubt that 
Halley's Comet is slowly disintegrating, and, after long ages, 
will suffer some such fate. 

Our knowledge of the chemical composition of comets and of 
the state in which cometary matter exists is meager and unsat- 
isfactory. A few give spectra very hke that of our own Sun, 
indicating that they are shining by reflected sunlight, as the 
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planets shine. Other comets send out their own hght, almost 
exclusively, the radiations coming chiefly from carbon and 
cyanogen sources. Still others have mixed spectra, showing 
both inherent light and reflected light. Why comets shine 
by virtue of light within themselves is a mystery, for it is 
difficult to conceive that such attenuated bodies should have 
the heat of incandescence throughout their mass. Although 
many comets have volumes thousands of times as great as the 
Sun's volume, their total mass is insignificant even in com- 
parison with that of the Earth; and such mass as they have is 
nearly all in the nucleus. The tails are surely less dense than 
the most perfect vacuum we can produce in the laboratory. 

Halley's Comet is due to pass near the Earth in May, 1910, — 
perhaps within 10,000,000 miles of us. Let no one draw the 
inference that there may be a dangerous collision with the 
Earth, for such is not the case. Their paths are too widely 
separated. Even if the path of the comet were entirely im- 
known, we could say that the chance of a collision with the 
denser nucleus is so small as not to call for consideration. And 
if we should pass through the tail, there would be no evi- 
dence of such an encounter, unless it consist of a harmless 
meteor shower, for the tails of comets are certainly composed 
of exceedingly minute and widely scattered particles. 

The ancients thought of comets as hairy objects, from the 
appearance of the tails ; hence the origin of the term "comet," 
from the Greek komeles, .signifying "long-haired." This belief 
prevailed certainly up to H.\lley's day and generation. 
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All sorts of fantastic and fearsome ideas have attached to 
comets, from early historical times to near the close of the 
nineteenth century. The writer remembers clearly that his 
neighbors of thirty years ago considered comets to be mes- 
sengers of disaster. The greatest comet of the nineteenth 
century, Donati's of 1858, was the accredited forerunner of 
our Civil War. Medieval representations of comets as flaming 
swords were common. 

In Homeh's "Iliad" XIX, 381, we read: — 

"Like the red star, thai from his flaming hair 
Shakes down disease, pestilence and war." 

From Evelyn's Diary of 1624: — 

"... the effect of that comet, 1618, still working in the prodigious 
revolutions now beginning in Europe, especially in Germany." 
From Milton's "Paradise Lost," II, 708-711: — 
"... and like a comet burn'd, 
That fires the length of Ophiuchus huge 
In th' Arctic sky, and from his horrid hair 
Shakes pestilence and war." 

Not the least of the services of science to civilization has been 
the gradual emancipation of humanity from all fear of comets. 

Astronomers will welcome the coming of Halley's Comet, 
full of hope that the photo-dry-plate, the spectroscope, and 
other ways and means of attack invented since its last visit in 
1835 will enable them to remove something of the mystery 
of comets, the most mysterious of all celestial bodies. 



PLANETARY PHENOMENA FOR NOVEMBER AND 
DECEMBER, 1909. 

By Malcolm McNeill. 



Last Quarter.. 
Full Moon .. . 
First Quarter.. 
New Moon . . . 



.M, Last Quarter.. Dec. 4, 8^ lam 

.M. Full Moon ... " 12,11 59 

,M. First Quarter.. " 19, 6 18 

,M. New Moon ... " 26, 1 30 



There will be a total eclipse of the Moon on the night of 
November z6th-27th. The entire eclipse will be visible through- 
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out the United States. The principal events of the eclipse 
occur as follows. Pacific time: — 

Moon enters shadow Nov.26 ii''ii=ip.M. 

Total eclipse begins " 27 12 14 a.m. 

Middle of the eclipse " 27 12 55 *■«■ 

Total eclipse ends " 27 i 36 a.m. 

Moon leaves shadow " 27 2 38 A.M. 

There will be a partial eclipse of the Sun on the afternoon 
of December 12th. No part of the eclipse will be visible in 
the United States, as the eclipse track is confined to the region 
near the South Pole. Southern Australia, New Zealand, and 
Tasmania will have a few minutes of partial eclipse. 

The Sun reaches the winter solstice, its greatest distance 
south, December 22d, 3 a.m., Pacific time. 

The Earth is in perihelion just after the close of the year 
on January 1st, 3 a.m.. Pacific time. ' 

Mercury on November ist has just passed greatest west 
elongation, and is a morning star, rising about an hour and 
a half before sunrise, and the interval remains as great as 
an hour until near the middle of the month. It will be in 
good position for observation in the morning twihght for the 
first ten days of November. It passes superior conjunction 
and becomes an evening star on December 2d. By the end 
of the month it has moved far enough away from the Sun so 
that it can be seen in the evening twilight, and on December 
31st it sets about an hour and a quarter after sunset. 

ycnus is an evening star, setting on November ist about 
two and a quarter hours after sunset. This interval increases 
rapidly, and by the end of December it is more than three and 
one half hours. The planet reaches its greatest east elonga- 
tion on December 2d, and its apparent distance from the Sun 
is then 47° r8'. It moves 62° eastward and 1 1 ° northward 
through Sagillarius and Capricorn. Toward the close of De- 
cember it will have attained nearly its maximum brightness, and 
may be seen in the full daylight with the naked eye. 

Mars is still in fine position for observation, not setting until 
nearly 3 a.m. on November ist and nearly i a.m. on December 
31st. It again took up its eastward motion at the end of 
October, and during November and December will move 19° 
eastward and 11" northward in the constellation Pisces. By 
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December 14th it will have reached the Hne at which it began 
its westward motion on August 23d, but it will be about 6° 
north of its August position. Its distance from the Earth in 
millions of miles increases from 49 on November ist to 92 
on December 31st, being on that date distant from us just a 
little less than the Earth's mean distance from the Sun, On 
November 1st its brightness is only a little more than half 
of its opposition brightness, and it will lose light rapidly, so 
that on December 31st it will be only one fourth as bright as 
it was on November ist and only about one ninth as bright 
as it was at opposition. It will, however, still be conspicuous. 
Throughout the period Mars and Saturn will be in the same 
quarter of the heavens. On November 1st Saturn will be 
about 21° east of Mars. The more rapid motion of Mars will 
cause this distance to diminish to 13° by December 1st, and 
the two planets will come into conjunction on December 31st, 
Mars passing 3° 12' north of Saturn. 

Jupiter rises about 3:30 a.m. on November ist and at about 
12:30 A.M. on December 31st. It moves about 8° eastward 
and 4° southward in the western part of the constellation I'irgo 
toward the first magnitude star Spica, a Virgims, and at the 
close of the period is 7° west and 6° north of the star. 

Saturn is still in fine position for evening observation, re- 
maining above the horizon until nearly 5 a.m. on November 
ist and until after 12:30 A..M. on December 31st. It retro- 
grades, moves westward, until December 20th not quite 2°, 
and then moves eastward. It is in the constellation Pisces. 
Its conjunction with Mars on December 31st has already been 
noticed. As seen in the telescope the rings will appear to close 
up a little toward the end of the year. 

Uranus is gradually being overtaken by the Sun, but may be 
seen in the southwestern sky in the evening. It moves about 
3° eastward in the constellation Sagittarius. No bright star 
is near, but the planet comes to conjunction with Venus on 
November 23d. the latter being 2° 33' south, and with Mercury 
on December 28th, the latter being 1° 44' south. 

Neptune is in Gemini; rises about 9:30 p.m. on November 
1st and at about 5:30 on December 31st. 
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(SIXTY-SEVENTH) AWARD OF THE DONOHOE 
COMET-MEDAL. 
The Comet-Medal of the Astronomical Society of the Pacific 
has been awarded in duplicate to Mr. Zaccheus Daniel, of 
Princeton, New Jersey, for the discovery of an unexpected 
comet on June 15, 1909, and to M. A. Borrelly, of Marseilles, 
France, for the discovery of the same comet on June 14, 1909. 
It was Mr. Daniel's notice of discovery, with observed posi- 
tion, which was first communicated to the astronomers of this 
and other countries by cable and telegraph. 

W. W. Campbell, 
Sidney D. Townley, 
Hebeb D. Curtis, 
Committee on the Comet-Medal. 
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NOTES FROM PACIFIC COAST OBSERVATORIES. 

Recent Progress in the Work of the D. O. Mills Expe- 
dition TO THE Southern Hemispheke. 

During the past three years the work on the radial velocity 
survey of southern stars at the Observatory of the D. O. Mills 
Expedition has continued to proceed very favorably. At pres- 
ent the total number of plates taken at this station is about 
two thousand seven hundred. In 1908 Santiago was favored 
with an exceedingly fine and open winter season, so that it 
was possible to secure a much better representation than usual 
for this part of the program; there were about two hundred 
nights entirely clear in the year May, 1907, to May, igo8, with 
about sixty other nights of which at least half was available 
for work. Advices recently received from Santiago indicate 
that the past winter season has likewise been a very favorable 
one. 

During the past two years most of the work has been done 
with the two-prism instrument; the limit of this spectrograph, 
without unduly prolonging exposures, is about photographic 
magnitude 7.0. At present, however, the program is simply 
to finish the work on all stars of visual magnitude 5.0 or 
brighter, leaving the considerable number of available early 
and solar type stars fainter than the fifth visual magnitude for 
later investigation. 

While the method of refrigeration employed for cooling the 
mirror and obviating focal changes in the optical system was 
efficient for the purpose (cf. Lick Observatory Bulletin, No. 
122), this is no longer used. The seeing for the first two hours 
after sunset at Santiago is rarely good enough to warrant 
attempting to gain what slight advantages there are, from the 
standpoint of spectroscopic work, in having the focus remain 
constant during this period, though for other classes of work 
some such method of focal control might be essential. Certain 
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changes have been made by which it is now possible at all times 
to test the position of the focus and make the needed changes 
in the position of the spectrograph in a few seconds. This is 
made possible by connecting the screws which run the spec- 
trograph up and down by means of bevel gears to a handle 
close to tlie observer. Occasionally, in the more unsettled 
. weather conditions of the spring season, the focal length of 
the optical system will change by an amount too great to be 
allowed for by the existing amount of travel accorded to the 
spectrograph, which at present is a little over one inch. For 
such cases an attachment has been fitted by means of which 
the observer at the eye end can easily and quickly run the 
secondary mirror in or out a small distance to compensate for 
the abnormal change of focus. In the design of future spec- 
trographs for use with large reflecting systems care should 
be taken to allow for ample travel for the spectrograph in the 
optical axis, though this attachment for moving the position 
of the secondary mirror of the Mills Reflector at Santiago 
works very easily and smoothly. A few other minor improve- 
ments have been made in the interests of easier observing; 
the comparison apparatus has been entirely re-made of steel, 
with provision for greater ease in adjustment than was allowed 
for in the former design. 

The work of the radial velocity survey has occupied almost 
the entire time of the two observers, but a number of investi- 
gations have been made, or are in progress, along lines more 
or less allied to the main purpose of the expedition. 

Forty-eight spectroscopic binaries have been announced to 
May, 1909, by Professor W. H. Wright, Dr. H. K. Palmer, 
Dr, S. Albrecht, the writer, and Mr. George F. Paddock. 
Orbits have been computed by the writer for three of these — 
a Carina, « Vclarum, and a Paronis. The binary character of 
perhaps fifteen more stars is suspected, but awaits the con- 
firmation of further plates before being announced. 

A number of stars having proper motions of i".o of arc or 
greater per year have been investigated, mainly with the one- 
prism instrument; during the course of this work three stars 
with radial velocities of unusual magnitude have been found : — 
Cordoba Zones, 5" 243 -|- 242""" per second 
Lacaille 2957 * -|- 100 " " 

Lacaille 8362 — 13 
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Especial interest attaches to the first star on the list, whose 
proper motion of 8" .7 of arc per year is the greatest hitherto 
observed. It is believed that the radial velocities of C. Z, 5" 243 
and Lacatlle 8362 are the largest observed up to date. Kap- 
TEVN has pointed out that, of stars with considerable proper 
motion, there is a considerable preponderance of the later stellar 
types. A number of these stars have not hitherto been observed 
spectroscopically, and it is of interest to note that thus far 
in the investigation no case has occurred of a spectrum of the 
hydrogen or helium type. 

During February and March, 1909, considerable time was 
devoted to securing an extended series of spectrograph ic and 
photographic observations of Comet Morehouse. 

The one-prism instrument has been employed by Mr. Pad- 
dock to secure data for the study of several southern variable 
stars. 

Dr. J. H. Moore arrived in Santiago to take charge of the 
station on June 5, 1909, and the writer left for California on 
June 17th, after three and a half years spent in Santiago. It is 
a pleasure to be able to express here my appreciation of the uni- 
form courtesy and interest manifested by the Government of 
Chile and by the people of Santiago in the work of the D. O. 
Mills Expedition. A list of those who have at one time or 
another thus shown their interest in the expedition is here 
unnecessary, for I found no department of the government or 
the municipality of Santiago that was not ready at all times 
lo render any possible assistance. Santiago is a cosmopolitan 
city of nearly four hundred thousand inhabitants, including 
about five thousand French, perhaps ten thousand Germans, 
and a growing colony of about eight hundred English and 
Americans ; there is probably no city south of the equator 
more pleasant as a place of residence as regards both climatic 

conditions and social advantages. ,. _ „ 

" Heber D. Curtis, 

In charge of D. 0. Milli Expedition, i^-OQ. 

On the Spectrum of Mars. 
When the spectrum of Mars was under observation exten- 
sively at Mount Hamilton in 1894, for the purpose of detecting 
the presence of water vapor in that planet's atmosphere, I 
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realized that the water vapor in the Earth's atmosphere was 
and is the great obstacle in the way of success ; and I then 
resolved to observe the spectrum of Mars from the summit of 
Mount Whitney', the highest point of land in the United States, 
when the planet should again come into a position favorable 
for the purpose. This would occur in August- September, 
1909, when Mars would be near the Earth and high above the 
horizon at the time of year when Mount Whitney could be 
ascended with instruments. 

Late in August, 1908. I ascended Mount Whitney, in order 
to determine the hmiting sizes of instruments which could 
be transported over the rocky trail on the backs of pack ani- 
mals, and to plan the living arrangements for the proposed 
expedition of 1909. 1 was accompanied by Director C. G. 
Abbot, of the Smithsonian Institution Observatory, who was 
interested in the summit of Mount Whitney in connection 
with high-altitude studies of solar radiation, as Professor Lako 
lev's pioneer expedition had been interested in r88i. Wc 
remained on the summit throughout the night of August 24, 
1908. The readings of the dry- and wet-bulb thermometers 
obtained by Director Abbot indicated that the conditions were 
extremely favorable for the solution of the proposed problem. 
Before leaving the summit I decided definitely that observations 
in 1909, requiring a residence of a week or more, should not 
be undertaken unless a building of some kind could be erected 
as a shelter in case of storm ; and the question of ways and 
means was discussed. Director Abbot suggested that the pur- 
poses of such a building might perhaps come within the scope 
of the Hodgkins Funds of the Smithsonian Institution. A few 
weeks later, after receiving my description of a building which 
would meet the needs of the proposed expedition, he was 
pleased to present the subject to Dr. C. D. Walcott, Secretary 
of the Smithsonian Institution, for consideration. Through 
the Secretary's lively interest, an appropriation to provide the 
building for the shelter of the 1909 and any worthy future 
expeditions was made. 

As soon as the shelter was assured. Honorable William H. 
Crocker, Regent of the University of California, made gen- 

■In Ihe Sierra Nevada Mounttiin!, California. Longitude. iiS° tB' W.l latitude, 
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erous private provision for all the expenses of the expedition 
from the Lick Observatory, University of California, including 
such pieces of new apparatus as were required to complete the 
equipment. This expedition was on the summit of Mount 
Whitney from August 28 to September 4, 1909. The instru- 
ments consisted of a 16-inch horizontal reflecting telescope and 
a suitable spectroscope. The observations, made on the nights 
of September ist and 2d, were mainly photographic. 

The building erected by the Smithsonian Institution, under 
the supervision of Mr. G. F. Marsh, a pubhc-spirited citizen 
of Lone Pine, was finished on the morning of our arrival. Its 
outside dimensions are eleven feet by thirty feet, and it is 
divided into three rooms. It has walls of stone and cement, 
doors and roof of steel, and windows of steel and wired-plate 
glass. No wood or other perishable material was used in its 
construction. The Crocker Expedition had abundant reason 
to appreciate the protection afforded by the building, as severe 
storms were encountered on the summit. 

Water vapor in the atmosphere of any planet causes dark 
bands to be formed at certain definite positions in the spectrum 
of that planet; conspicuous bands if the water vapor is 
abundant; inconspicuous bands if the quantity is slight, as 
ihis, the only method known, is not a sensitive one. 

The observer of Mars must look up through the Earth's 
atmosphere ; and the great quantity of water vapor in our 
atmosphere, if the observer is near sea level or at ordinary 
ahitudes. blots out the effect of any Martian vapor, making 
a solution of the problem impossible. By ascending Mount 
Whitney, altitude 14,501 feet, the Crocker Expedition placed 
itself above probably four-fifths or more of the Earth's water 
vapor. Further, the air on Mount Whitney was astonishingly 
dry during the time of the observations. With barometer ly^ 
inches, air temperature 29° Fahrenheit, and wet thermometer 
17°, students of the atmosphere will recognize that the ob- 
servers of Mars were looking through remarkably little terres- 
trial water vapor. Even this small quantity would be almost 
fatal to success if we did not have a fairly satisfactory method 
of eliminating its effects, as follows: Our Moon has no ap- 
preciable atmosphere. The lunar and Martian spectra will 
be affected alike by the water vapor in the earth's atmosphere. 
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These spectra are photographed, one immediately after the 
other while the conditions in our atmosphere remain un- 
changed, and with the Moon and Mars at the same altitude 
above the horizon so that their rays traverse equal paths in 
our atmosphere. If the vapor bands in the Martian spectrum 
are found to be stronger than in the lunar spectrum, Mars 
has water vapor in considerable quantities. If the bands in 
the two spectra are estimated to be equally strong, water vapor 
on Mars does not exist in sufficient quantities to be detected 
by the spectroscopic method. The latter condition was found 
to exist, when this method was applied under the superlatively 
favorable conditions existing on Mount Whitney. Both spectra 
were photographed when Mars and the Moon were near the 
horizon, again when they were at medium altitudes, and finally 
when they were 49° above the horizon. The best available 
vapor band, technically called "a." was faint in both spectra 
when the bodies were low, fainter when the bodies were 
higher, and very faint when the bodies were at their highest ; 
but for equal altitudes the "a" bands in the Martian and lunar 
spectra were equally intense, plainly signifying that the ob- 
served bands were due to water vapor in the Earth's atmos- 
phere above the summit of Mount Whitney. This does not 
mean that Mars has no water vapor, but only that the quan- 
tity present, if any, must be very slight. Let us recall that we 
see Mars by reflected sunlight. The rays which reached our 
instruments passed from the Sim into the Martian atmos- 
phere, for the most part down to the surface of the planet, 
and then out again to us, thus passing twice through the 
planet's atmosphere and any water vapor it may contain. Even 
with this multiplying effect on Mars the vapor bands in the 
Martian and lunar spectra were alike, and we conclude that 
any water vapor in the Martian atmosphere must have been 
less extensive than was contained in the rarified and remark- 
ably dry air strata above Mount Whitney. 

A detailed account of the Crocker Expedition, including 
descriptions of the spectra as photographed, and a discussion 
of the results obtained are in press as a Lick Observatory 
Bulletin. 

The members of the party were Director W. W. Campbell. 
Assistant Astronomer Sf.b.\stian Albrecht, and Carpenter 
Hoover, of Lick Observatory; Dr. John J. Miller, of San 
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Jose, who took charge of all questions relating to health ; 
and Messrs. G. F. Marsh and W, L. Skinner, of Lone Pine, 
California. ,,, ,,, _ 

W. W. Campbell. 

XOTE OK THE MAGNETIC FlELD IN SuN-SpOTS. 

In a preliminary note printed in Publicalions of llie Astro- 
nomicat Society of the Pacific, 20, 220, 1908, it was shown 
that the evidence then available indicated the existence of a 
strong magnetic field in sun-spots. A summary of the results 
hitherto obtained in this investigation is given below : — 

( 1 ) In the spectra of sun-spots most of the Fraunhofer 
lines are widened, some are changed to doublets (incompletely 
resolved quadruplets), and some to triplets. Others probably 
have a still more complex structure. 

(2) The component lines of spot doublets are circularly 
polarized in opposite directions (longitudinal effect in a mag- 
netic field). 

(3) Many lines not resolved in the spot spectrum are dis- 
placed when the Nicol (used with a Fresnel rhomb before the 
spectrograph slit) is rotated. 

(4") When the Nicol, used with rhomb, is set at a certain 
angle, it transmits the red components of doublets in the spec- 
trum of a right-handed vortex, and the violet components in 
a left-handed vortex. 

(5) Although the larger spots in the northern and southern 
hemispheres of the Sun are usually found to be of opposite 
polarity, it frequently happens that spots of opposite polarity 
occur in the same hemisphere, sometimes in the same spot 
group. 

(6) Triplets have been found in all our best photographs 
of spot spectra, including those taken when the spot was near 
the center of the Sun. 

(7) The central component of such triplets is plane polarized, 
while the outer components arc elliptically polarized. 

(8) Many lines which are widened but not resolved in spot 
spectra can be shown to be triplets by cutting out the central 
component with a \icol placed at a suitable angle. 

(q) Under certain conditions, when a Xicol is used, the 
central line of a spot triplet is present on one side of the spot 
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and absent on the other. Rotation of the Nicol through 90° 
reverses the appearance, causing the Hne to appear on the side 
where it was previously absent and to disappear on the opposite 
side. This effect is provisionally attributed to the rotation of 
the plane of polarization of the plane polarized light emitted 
by the central line, when passing outward through the spot 
vapors. 

(10) The width of the components of a spot triplet some- 
times varies with the position of the Nicol. This may be the 
result of the combined effect of the rotation of the plane of 
polarization and the rapid decrease upward in the strength 
of the field above the spot. 

{11) The intensity of the central line of spot triplets varies 
with the position of the spot on the Sun's surface, and is great- 
est near the limb. 

(12) The intensity of the central line in a spot near the 
center of the Sun is such as to indicate that the lines of force 
ol the magnetic field usually make a considerable angle with 
the solar radius passing through the spot. 

(13) Lines which appear as doublets in the spot spectrum 
are found in the laboratory to be doublets when observed along 
the lines of force, and quadruplets when observed across the 
lines of force. With the dispersion available, such lines cannot 
be resolved into quadruplets in the spot spectrum. 

(14) Spot triplets are found in the laboratory to be triplets 
when observed across the lines of force. 

{15) Certain triplets and quadruplets of iron show nearly 
the same relative separation of their components in spot and 
laboratory. 

(16) From the measurement of such lines, the maximum 
strength of the field is found to range from 2900 to 4500 
C. G. S. units in different spots. 

(17) The strength of the field is generally greatest near 
the center of the umbra and decreases gradually in intensity 
across the penumbra. 

(18) An appreciable field is shown by certain lines to ex- 
tend beyond the boundaries of the penumbra, 

(19) Magnetic fields have also been found on the solar 
disk entirely outside of sun-spots. 
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(20) The doublets and triplets of iron give the strongest 
fields hitherto measured in sun-spots. The D lines of sodium 
and the b lines of magnesium, which are produced at a higher 
level in the solar atmosphere, indicate a much weaker field. 
The hydrt^en lines over sun-spots, representing a still higher 
level, give no in.dication of a magnetic field. It therefore fol- 
lows that the strength of the field in sun-spots rapidly decreases 
in passing upward from the surface of the photosphere. 

(21) Preston's law, A-— const., is closely followed by iron 

doublets observed in the laboratory (using mean values of AA) 
and approximately so by spot doublets. 

(22) The degree of widening of unresolved lines in the spot 
spectrum decreases rapidly from the red to the violet, and is 
roughly proportional to the separation of their components in 
the laboratory. 

(23) A direct relationship appears to exist between the 
strengthening and the widening of lines in spot spectra. 

(24) As the strength of the field is greatest at low levels, 
it appears probable that the electric vortex which produces 
the field lies within the photosphere. 

(25) The strength of the field in sun-spots is not sufficient 
to account for magnetic storms on the earth. 

Charts of the magnetic fields in sun-spots, showing their 
strength and polarity in all parts of a spot group and the sur- 
rounding regions, are made photographically as follows: — 

Above the spectrograph slit a Fresnel rhomb (or a quarter- 
wave plate) and a Nicol prism are mounted, the position of 
the Xicol being sucli as to cut off one of the side components 
of a triplet. A series of exposures is then made, with the slit 
set across different parts of a spot group. The spot lines thus 
photographed are distorted, the red components appearing 
in spots of one polarity, the violet components in those of the 
opposite polarity. The displacement of the components from 
the normal position of the line is proportional to the strength 
of the field. It frequently happens that closely adjoining spots 
in the same group are of opposite polarity. In a recent case 
(September 25, 1909) a large spot was accompanied by four 
small spots, all lying within the same penumbra. The polarity 
of the magnetic field in the penumbra (on the side away from 
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the small spots) was the same as that of the large spot. All 
of the small spots, however, were of opposite polarity. Be- 
tween the large and small spots the magnetic fields of opposite 
polarity counteracted one another, reducing the strength of the 
resultant field to zero. This is shown on the photographs by 
the fonn of the lines: the red components bend sharply back 
from the position of maximum displacement over the large 
spot to the normal position of the line, where they cross to 
the violet side, returning again to normal in the region beyond 
the small spots. 

By means of a series of parallel slits, the spectra of from 
six to ten .sections of a spot group can be photographed simul- 
taneously, in parallel strips on a single negative. A simple 
apparatus then permits images of any desired line in this 
negative to be photographed side by side, in the same relative 
ixjsitions as the parallel slits of the spectrograph. A photo- 
graph of the hydrogen flocculi, made with the Ha hue, is then 
copied on the same plate.' The composite image shows the 
strength and polarity' of the magnetic fields along the lines 
occupied by the slits, and permits the relationship between 
the magnetic fields and the curvature of the streamers in the 
Ha vortices to be investigated. Results already obtained with 
provisional apparatus show this relationship to be an intimate 

George E. Hale. 



SpECTROGRAPHIC and PllOTOGR.^FHIC OllSERVAT10N"S OF COMET 

(-1908 (Morehouse).' 
So exceedingly faint was the nucleus of this comet that 
great difficulty was experienced in securing a slit spectro- 
gram. An exposure was finally made with the one-prism 
spectrograph of the D. O. Mills Expedition extending over 
seven hour.s and twenty-nine minutes on the nights of Feb- 
ruary 24, 25, and 26. 1909. The width of the slit was 0.5""" 
and precautions were taken to keep the temperature of the 
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prism at the same point during ail three exposure epoclis and 
for several hours before commencing work. Only the strong- 
est of the pairs, that at A 4255-76, can be made out on this 
plate, and the resulting wave-lengths are A 4254.2 and A 4275.4. 
Between February 24th and March 23d seventeen objective- 
prism spectrograms of the comet were secured, nearly all of 
them very faint. The resulting wave-lengths are: — 



3gi4i 


9 plates 




4002.1 "1 

4oai.3 J 


15 plates 




4254.0 \ 
4276.0) J 


17 plates 




4526± 


.1 plates 


Very difficult 


4545.9 1 

4570.2 J 


16 plates 




4690.7 1 
4716.3 J 


4 plates 
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In determining the wave-lengths given above, the line at 
A 4276.0 was assumed as known. 

Collecting the differences for the three strongest pairs of 
lines, A 4002-21, A 4254-76, A 4546-70, together with the corre- 
sponding angles at the comet between the radius vector and 
the line connecting the comet with the Earth, we have: — 

Obwrvcr. Dale. A^, AX, AX, Angle. 

Deslakdhes and Beknard 1908 Oct, 14 20 23 20 ± 39' 

Deslandres and BoSLEJt Nov. I 19,7 21,6 22,0 46 

Campbell and Albbecht Nov. 28 196 20.7 20.8 37 

Curtis 1909 Feb. 25 18.5 22.0 24.S 39 

Curtis Mar. 21 194 22.5 23.8 35 

The objections to the explanation of the doubling of these 
lines as a Doppler-Fizeau effect have already been well put by 
Campbell and Alhrecht.' Assuming the actual velocities 
along the tail or transverse to the tail to have been the same 
on November i, 1908. and March 21, 190Q, the mean of the 
, intervals for the three principal pairs of lines should have 
been about four tenth-meters greater, or less, respectively, 
on March 2ist than on November ist; whereas the observed 
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intervals are not quite one tenth-meter greater on the latter 
date. 

The stronger objective-prism plates show the tail, though 
very faintly, to a distance of two to two and a half degrees 
from the head, and in all cases the tail is apparently a replica 
of the direct photographs taken at the same time, as far as can 
be made out on the small scale of the plates. In this respect a 
plate taken on March 20th is of especial interest ; on this night 
the direct photograph shows a marked curve in the tail about 
half a degree from the head, a curve which is duplicated in 
each of the spectral images. 

Twenty -eight direct photographs were also secured, the 
majority of these being taken with a portrait lens of 6j^ 
inches aperture ; many of these direct photographs show inter- 
esting evidences of the extraordinary activity which seems to 
have characterized this comet, both before and after perihelion. 
Heber D. Curtis. 

Thirteen Stars Having Variable Radial Velocities.' 
In the progress of the work of the D. O. Mills Expedition 

to the southern hemisphere it has been founcj that the following 

stars have variable radial velocities: — 



A.G.C. 8017 


6 


28™ 


9 


— 31 


5/ 


57 


B3A 


-1- 5to-|-4i 


CUITI* 


A.G.C. 9276 


7 


13 




-36 


25 


50 


B3A 


— 1910 + 41 


Padpock 


' Volamis 


8 


7 




— 68 


19 


4.5 


BsA 


— 2910-1-45 


CUITH 


H Velonim 


8 


S3 




— Si 




4.8 


B5A 


- 410 + 68 


Paddock 


ff Craleris 


11 


6 




— 22 


17 


4-5 


A2F 


- 7tO+I2 


pADDOCr 


A.G.C. 15075 


II 


36 




— 61 


32 


4-9 


G 


- 4to + 23 


Paddock 


fl'Cr.id.s 


II 


59 




— 62 


36 


5.0 


B3A 


— 19 to + 47 


Paddock 


A.G.C 19507 


14 


Z3 




— 49 


4 


5.5 


A2F 


Both spectra 


CU.TIS 


eUpi 


IS 


6 




— 44 


8 


49 


B3A 


- 8to + 29 


CUSTII 


rTrianguli 




















AustrnlU 


16 


17 


6 


-69 


52 


4-9 


G 


— 210 + 17 


Cvirrs 


«' Tele.tcopii 


18 


24 


4 


— 45 


59 


SO 


B8A 


-72*0 + 27 


Cii«rt» 


«' Tele.fcopii 
' Pise. 


(8 


24 


7 


— 45 


49 


5-3 


B5A 


— 910 — 29 


CURTU 


Australia 


21 


39 





— 33 


29 


4-4 


A 


Both spectra 


CV.T,. 


With the 
Dlates wcfp 


except 


on 


Of tM 


plates on 


^.G.C. 15975 


all the 



Heber D. CtiRTis. 



..Google 



Astronomical Society of the Pacific. 211 

Observations of Halley's Comet. 
Search for Halley's Comet was begun early in September 
with the Crossley Reflector, although at this time the fogging 
effect of the moon rendered success more than doubtful. Owing 
to very high wind and poor observing conditions the nights 
of September 10th and 11th were not usable. The plate of 
September 12th shows the comet as a small, slightly elongated 
nebulous mass about 6ve seconds of arc in diameter. The 
following positions have been derived from the photographs 
made with the Crossley Reflector: — 
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The position of September 14th rests upon five comparison 
stars, the others upon four each. On September 14th the mag- 
nitude was about .5.5. „,„, D Curtis. 

Note on the Pan-American Congress. 

Dr. H. D. Curtis acted as the delegate of the University 
of Michigan to the first Pan-American Scientific Congress, held 
in Santiago from December 25, 1908, to January 5, 1909, pre- 
senting the following papers before the section of pure and 
applied mathematics: — 

(i) Problemas astronomicos del hemisferio sur (Astronom- 
ical Problems of the Southern Hemisphere). 

(2) Las velocidades radiales de estrellas australes con 
grandes movimientos propios {Radial Velocities of Southern 
Stars with Large Proper Motions). 

(3) Estrellas dobles australes descubiertas con el espectro- 
scopio por el Observatorio de la D. O. Mills Expedicion 
(Spectroscopic Binaries Discovered at the Observatory of the 
D. O. Mills Expedition). ^^ ^y_ Campbeli.. 
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Telegram. 
Lick Obsesvatorv, September 14. igot). 
Harvard College Observatory, 

Cambridse, Mass. 
Campbell and Albrecht compared spectra Mars and the Moon on 
Mount Whitney, September i and 2, Little a water-vapor bands esti- 
mated equal intensities and very faint. Zenith distance 42°, barometer 
450 millimeters, air temperature — 1° Centigrade, wet thermometer 
— 8°. W. W. Campeeu- 

Unforttinately "little" and "a" were transposed at some point 
in the transmission of the telegram to other observatories. 

W. W. C. 
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REPORTS OF OBSERVATORIES. 

LICK OBSERVATORY, MOUNT HAMILTON, CALIFORNIA, 

This report covers the period January i, 1908, to July i, 
1909, It is intended that only the more important items of 
the activity of the observatory shall be considered, and these 
quite untechnically. 

The total solar eclipse of January 3, 1908, was observed 
by means of an expedition dispatched from the observatory 
through the generosity of Honorable William H. Crocker, 
regent of the University of California. A popular account of 
the expedition and its work has already appeared in these 
Publications,^ and its general features need not be repeated 
here. In spite of clouds which interfered with carrying out 
the program during the first third of the total phase, subse- 
quent studies of the photographs showed that the expedition 
met with an unusual measure of success. 

Dr. Perrine completed his detailed examination of the six- 
teen photographs, obtained with eight cameras, covering the 
region 9° by 28° extending in the direction of the Sun's 
equator. These photographs had for their purpose the detec- 
tion of any existing intermercurial planet or planets. In the 
sudden downpour of rqin immediately preceding totality it 
was not possible to protect everything, and a little water got 
into these cameras. Some of the photographs are marked 
by narrow bands where the rain water ran across them. Until 
after our return to Mount Hamilton it was thought the photo- 
graphs were damaged to such an extent that the value of the 
intermercurial search was seriously impaired, and our public 
announcement embodied this view. It is gratifying to state 
that these fears were groundless. There are images of more 
than five hundred stars on the photographs, down to about 
the ninth magnitude ; and, surprising to relate, the rain-streaked 
areas contain the images of all the known stars we expected 
to find thereon. All the images have been identified as those of 
well-known stars. In our opinion, the work of the three Crocker 
Expeditions, to observe the eclipses of 1901, 1905. and 1908, 
brings the observational side of the intermercurial planet prob- 
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lem — famous for half a century — definitely to a close. It is 
not contended that no planets will be found in the intermercu- 
rial region : it would not be especially surprising nor in contra- 
diction to beliefs here expressed if small planets should be 
discovered at some future time; but it is confidently believed 
that their mass would be inadequate to account for the observed 
disturbances in the motion of Mercury. 

The photographs of the solar corona obtained with cameras 
of 6' and 40' focal lengths are of great excellence. Opportunity 
has not been found to study these photographs as completely 
as we should like, and attention will be called to only one 
feature. A great number of coronal streamers appear to radi- 
ate from a common point near the eastern limb of the Sun 
(position angle 75°). as if thrown out by an explosion at the 
point, though it is not contended or even suggested that an 
explosion had actually occurred. The point of intersection of 
the streamers, obtained by prolonging them behind the Moon's 
disc, was estimated to be in position angle 75° and the distance 
from the Sun's center 13. '7 of arc. On comparing this position 
with the photographs of the hemisphere of the Sun turned 
toward us, as obtained by the Mount Wilson Solar Observatory 
on January 3d, 4th, and 5th, it was apparent that the vertex 
of the so-called disturbance was situated within the borders of 
a great group of sun-spots. It may be recalled that a similar 
cone of disturbance, as recorded on the Sumatra corona plates 
of 1901, appeared to have its vertex exactly over the large 
and only spot recorded on the photographs of the sun obtained 
on several days preceding and following the date of the 
eclipse ; and that another radiating group of coronal streamers 
on the Spanish photographs had their estimated apex near, 
but apparently not in coincidence with, a prominent sun-spot. 
In view of these pieces of evidence, it is difficult to avoid the 
conclusion that the sun-spots and the coronal streamers referred 
to were closely related in origin. 

Spectrograms of the corona obtained by Dr. Lewis and 
Director Campbell, using different instruments, recorded a 
large number of coronal bright lines, of which four observed 
by Dr. Lewis and two by Mr. Campbell are certainly new. 
The interpretation of the continuous spectrum of the corona 
is a difficult matter. The records are rendered very complex 
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by the diffusion of light of the solar prominences and of the 
brilliant inner corona over the whole area of the spectrum. 
The dark-line spectrum beheved to be due to photospheric 
light scattered by minute particles in the corona is visible very 
faintly, and only in the region of the corona well out from 
the Sun's surface. By far the greater part of the light gives a 
strictly continuous spectrum, and seems to be due to radiation 
from the coronal particles perhaps rendered incandescent by 
the overpowering heat of the Sun. The position of maximum 
intensity of continuous spectrum is displaced slightly toward 
the red from that of the normal solar spectrum, signifying 
the lower temperature of the corona. 

The changing spectrum of the Sun's edge, as the edge was 
gradually uncovered by the Moon, was recorded successfully 
on a continuously moving sensitive plate. More than a thous- 
and bright lines, changing into the dark lines of the ordinary 
solar spectrum, were impressed on the plate in lengths and at 
times such that they indicate the thicknesses and locations of 
the gaseous and vapor strata giving rise to them in the Sun's 
atmosphere. Four such photographs, obtained at" the eclipses 
of 1899, 1900, 1905, and 1908, respectively, may be said to 
constitute a unique basis for the study of chemical stratifica- 
tion of the solar atmosphere. The moving plate has a great 
advantage over the fixed plate in recording the spectrum of 
the Sun's edge, in that the former gives a continuous record 
of all changes occurring, whereas the latter gives an integrated 
record for the brief period of exposure only. 

From photometric observations of the Flint Island corona. 
Dr. Perhine has deduced the following results, the unit of 
brightness being the light from one square minute of arc of 
flame of a Hefner standard lamp: — 

Total aclinic light of portion of corona observed 223 units 

Intrinsic actinic brilliancy of corona 2.02 

Tnlrjnjic actinic brilliancy of sky near corona,. .0027 
Ratio of intrinsic actinic brilliancy of the bright- 
est parts of sky 744 to I 

Total aclinic light of full Moon 2002 units 

Intrinsic actinic brilliancy of full Moon 2.58 

Ratio of total coronal to full Moon light o. ill 

A series of photographs for the study of polarization effects 
in the corona was obtained. The Rumford Committee of the 
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American Academy of Arts and Sciences has made a grant 
for the purchase of a photometer suitable for the measurement 
of these and other similar plates, and it is hoped that they 
may be subjected to quantitative analysis in the near future. 

Dr. AiTKEN has continued the double-star survey of the 
northern sky, according to the systematic plans described in 
my last report. It is expected that this survey, as carried on 
at Mount Hamilton, will extend to — 22° declination. About 
90% of the survey has been completed; and given ordinary 
observing conditions in the following two winters and springs, 
the program should be completed. More than 3,300 close 
pairs of stars have been discovered as one result of this 
survey: 1,300+ by Professor Hussey and 2,000+ by Dr. 
AiTKEN. The two components of each double are in fully 
99% of the cases less than 5" of arc apart. 

It is scarcely necessary to say that the great value of this 
survey lies not in these discoveries themselves, but in the 
enormously increased opportunity which the discoveries will 
afford in the future study of double stars, in particular, and 
of the structure of the sidereal universe, in general. Holding 
the requirements of these studies in mind, the systematic quali- 
ties of the search are rigidly maintained; and at least two 
satisfactory micrometer measures of each pair are secured as 
promptly as practicable, before announcing the discovery. It 
is hoped, for example, that future computers of their orbits 
will have the great advantage of an accurate discovery posi- 
tion in each case. 

About one hundred of the more important and more diffi- 
cult of our well-known double stars are kept under observa- 
tion by Dr. Aitken. measures being made as often as they 
are needed. It has been found that the revolution period of 
i:iCcti is only 7.4 years; next to that of Delta Eqtiulci the 
shortest period known. 

Astronomer Tucker having been offered the superintendency 
of the Meridian Circle Station of the Carnegie Institution, in 
the .Argentine Republic, the regents of the University were 
pleased to grant him leave of absence for the three academic 
years 1908-1911, in order that he might accept this highly 
honorable appointment. The remarkably large quantity of 
very accurate results secured by Mr. Tucker during his fifteen 



Astronomical Society pf the Pacific. 217 

years' residence on Mount Hamilton had given rise to a wide- 
spread feeling among the specialists in his subject that he was 
the man for the place. It was largely in response to this opinion 
that the director recommended the loan of Mr. Tucker's 
services, involving as it did a serious interruption to our own 
program of observations. He left Mount Hamilton on May i, 
igo8. His observations during the preceding four months, 
continuing his work of the preceding two years, related to 
the program for determining the extremely accurate positions 
of stars, based on fundamental methods as opposed to basing 
results upon a system of star positions already established 
with other instruments. The stars in his program are dis- 
tributed nearly uniformly between 37" north and 37° south 
declination. Special stars are included for the purpose of 
determining the observer's personal errors as affected by his 
facing north or south while making the observations and by 
the direction of the apparent motion of the star through the 
field of view. Suitable stars for the investigation of atmos- 
pheric refraction were included, and likewise a list of stars 
to determine the effect of star magnitudes upon the personal 
equation. The reductions of the observations for the period 
of more than two years are well advanced, thanks to assistance 
afforded by the Carnegie Institution. 

Much of Astronomer Perrine's time has been devoted for 
several years to devising methods of measuring and reducing 
the long series of Eros photographs taken in igoo with the 
Crossley reflector, for the detemiination of the solar parallax; 
and to superintending this work. The measurements and com- 
putations, based upon 525 photographs, were made by Mrs. 
MooRE and Miss Hobe, Carnegie .Assistants, beginning with 
December i, 1905. The resuhs of the measurement were 
brought together by Dr. Perrine last winter, and a critical 
discussion led to the most probable value of the solar parallax, 
8" .80(17 ± o".oo25. This result is in remarkably good agree- 
ment with the longer series of observations secured at other 
stations. The details of the measurements and discussions will 
be brought out in a volume to be pubh^^lied soon by the Car- 
negie Institution. 

During the period covered by this report about one hundrc<l 
anrl fifty photographs were made with the Cros-;ley reflector. 
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chiefly by Dr. Perrine and in part by Dr. Albrecht and 
others. The subjects included the faint satellites of Jupiter, 
nebulae, star clusters, parallax objects, etc. 

During the summers of 1907 and 1908 Mr. Fath made an 
extensive study of the zodiacal light with reference to polariza- 
tion effects, the character of its spectrum, and its maximum 
extension northward from the ecliptic or Sun's equator. The 
spectrum observations are not yet ready for publication. The 
northern extension of the zodiacal light was observed satisfac- 
torily, and there is left no doubt that it can be seen approxi- 
mately 45° northward from the Sun, as viewed by a terrestrial 
observer. 

Mr. Fath photographed the spectra of several spiral nebulcC 
and globular star clusters with a low dispersion instrument 
attached to the Crossley reflector. The text-books on astronomy 
ascribe in most cases a continuous spectnmi to spiral nebulx. 
Mr, Fath found that their spectra vary from those having 
principally bright lines, such as are found in the so-called 
gaseous nebulcc, to those containing only absorption lines of 
the solar type. No strictly continuous spectrum was observed. 
He confirmed in the strongest possible manner the earlier 
observations by Scheiner and Huogins on the Andromeda 
nebula, removing any elements of doubt which may have 
attached to their results, to the eflFect that the spectrum of this 
object is of the solar type. The spectra of globular star clus- 
ters, including the great cluster in Hercules, are continuous, 
with a certain number of well-defined absorption lines. In 
general, stars of the so-called "F" type appear to predominate 
in the clusters. This type occupies a position about miilway 
between the hydrogen stars and solar-type stars. 

Micrometer observations of comets visible during the period 
have been obtained chiefly for the use of the Berkeley Astro- 
nomical Department in determining orbits. The spectrum of 
Comet Morehouse was studied by Mes.srs. Ompbell and 
Ai.nRi-XHT at Mount Hamilton, in the fall months of !Oo8, 
and by Astronomer Ccrtis at the D. O. Mills Ofeen-atory 
in Chile, in the spring of 1909. The spectrum was essentially 
of a new type. The carlion and cyanogen bands usually visible 
in cometary spectra were relatively faint, and other sets of lines 
appearing in pairs were for the most part new and of remark- 
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able strength. Readers are referred to Licb Obsenvtory Bul- 
letins 145 and 147 for detailed particulars. It was suggested 
by one noted astronomer that the doubhng of the lines was 
a Doppler effect, due to relative motions in the observer's 
line of sight. Not only did this hypothesis seem extremely 
improbable, but our observations in the two hemispheres 
showed that it could not be true, for the varying angles under 
which the comet was observed should have been accompanied 
by corresponding variations in the intervals between the lines 
of the pairs. These intervals remained, on the contrary, essen- 
tially constant. 

-Miss Gl.\ncy, fellow in the Lick Observatory, secured a 
splendid series of photographs of Comet Morehouse. Her 
measurements and discussion of the plates and the reproduc- 
tions of a large number of the photographs are in process of 
publication. Dr. Curtis's photographs of the comet and its 
spectrum will be published in the course of a few months. 

Mr. Duncan', fellow in the Lick Observatory, made a sys- 
lemalic investigation of the two variable stars, Y Sa);ittarii 
and RT Auriga; and discussed the possible causes of the type 
of stellar variation represented by these stars. The basis of 
his studies consisted of spectrograms obtained with the one- 
prism and three-prism Mills spectrographs attached to the 
36-inch refractor. The causes of the variation appear to be 
exceedingly complex, and several in number. Tidal disturb- 
ance, motion in a resisting medium, and an atmosphere of 
variable absorptive powers were considered. No one of these 
is in itself sufficient to explain the variations of brightness 
observed, and it is not improbable that two or more of them, 
along with other causes, are acting. The studies of a dozen 
stars belonging to this type of variation, made chiefly by 
fellows of the Lick Observatory, have furnished a very con- 
siderable amount of valuable evidence bearing on the problem. 
The most significant fact established, by Dr. Albrecht, is 
that the maximum brilliancy in each case studied occurs when 
'he star has its greatest velocity of approach toward the 
obser\er. There is little reason to doubt that an observer 
viewing the star from any point in our universe would in 
every case have maximum brilliancy when the star was ap- 
proaching him. Studies of other stars of the same type are 
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extremely desirable, in order to make investigations of this type 
as a whole more effective. 

The most extensive investigation under way is that of 
determining the radial velocities of the brighter stars by means 
of the Mills spectrograph attached to the 36-inch refractor, 
in the northern hemisphere, and by the D. O. Mills Expedi- 
tion observing at Santiago, Chile, in accordance with a program 
determined upon by Mr. Campbell in 1896. This program 
hopes to include all the stars whose visual magnitudes do not 
fall below 5.0 in the two hemispheres, using three-prism dis- 
persion; with the addition of a considerable number of faimer 
stars in the southern hemisphere, using two-prism dispersion. 
The number of stars observed prior to June i, 1909, at Mount 
Hamilton, is nearly goo, but approximately 200 of these have 
been temporarily rejected for observation with lower dis- 
persion, because tlie lines in their spectra are too broad and 
ill-defined for accurate measurement. All the spectrograms 
secured prior to May, 1903, have been measured and reduced 
definitely; and about three fourths of those obtained between 
1903 and 1909 have been similarly studied. In the southern 
hemisphere observations have been secured of 530 stars brighter 
than 5.0 and of about 150 stars fainter than 5.0 visual mag- 
nitude. The spectrograms of 148 stars observed by the D. O. 
Mills Expedition during its first period of work, in charge of 
Astronomer Whuiht, have been completely measured and dis- 
cussed, and both numerical results and accompanying text are 
entirely ready for the printer. Twenty-nine of the 148, or 
more than one in five, have been announced as spectroscopic 
binary stars. Of the spectrograms obtained during the second 
period of the expedition, in charge of Astronomer Curtis, 
those made with three-prism dispersion have nearly all been 
measured and reduced; and those secured with two-prism 
dispersion have been submitted to approximate measurement 
and reduction. 

Deducting stars observed in both hemispheres, the total 
number ob.served is 1,368. 

The measurement and reduction of Mount Hamilton spec- 
trograms have been invaluably assisted by grants from the 
Carnegie Institution. 

In June, 1909, Dr. Moork succeeded Dr. Curtis as astron- 
omer in charge of the D. O. Mills Expedition, the latter retum- 
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ing to Mount Hamilton to take up the work of Astronomer 
Perrine, resigned. 

The orbits of a considerable number of spectroscopic binary 
stars have been determined by Messrs. Curtis, Moore, and 
Plummer. 

The record of spectroscopic binary stars discovered, ob- 
served, and investigated is complete to date, and it is our 
purpose to publish a second catalogue of spectroscopic binary 
stars next winter. 

Volume VIII of the Publications of the Lick Observatory, 
containing heliogravure, hand-press reproductions of seventy 
of Professor Keeler's photographs of nebuke, taken with the 
Crossley reflector, was issued in December, 1908. The arduous 
task of preparing the glass positives of just the right density 
to meet the engravers" requirements and of reading the proofs 
was borne by Dr. Perrine, The preparation of the copper 
plates, coupled with much experimental work, extended through 
nearly four years. We struggled to reproduce the delicate 
details of the structure in both the bright and faint regions 
of the nebular subject and to preserve the natural dark sky 
backgrounds. As the engravers acquired experience and skill 
in dealing with our photographs, better and better results 
were secured; but we were forced to recognize that only the 
original negatives or copies on glass will suffice for the most 
exacting scientific requirements. We are hoping to place a 
set of positive copies on glass in each of half a dozen scientific 
centers of population, where they will be accessible to all quali- 
fied students of the subject. The expenses of the Keeler 
Memorial Volume were so heavy that the work could not 
have been carried through but for the generous help of many 
friends of the observatory. 

It has been held in mind for several years that our most 
pressing duty relates to the publication of extensive results 
of observations as yet unpublished ; and an ambitious program 
of publication was formulated for the biennial period just 
begun. With the approval and support of the regents of the 
university, the legislature which recently adjourned was asked 
to appropriate funds to carry out my program of publication. 
For reasons not connected with the observatory and therefore 
quite beyond my control, the increased appropriations were 
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not made. In fact, the actual appropriations for the biennial 
period are smaller than usual. Those available in the academic 
year igog-io tvere consumed as soon as available to meet 
deficits arising from printing for this and other departments 
of the university; and funds available for the year 1910-11 
have been applied in good part to the same end. Efforts must 
be made to secure publication funds elsev^fhere. With the best 
of legislative intentions toward this observatory, we some- 
times find it difficult to meet the expectations of other and 
distant astronomers in maintaining an international reputation 
on the basis of appropriations coming in meagerness from 
only one State of our own Nation — a generous State, whose 
finances were sorely tried by the catastrophe of April, 1906. 
The regents of the University of California, receiving their 
chief support from State funds, would gladly grant increased 
support to this department, I believe, if funds were available. 
The funds received from the university for the salaries of 
astronomers and astronomical assistants have been practically 
constant, since the beginning, in 1888, at $14,000 per annum. 
In the meantime the purchasing power of money has decreased 
fully one third. 

Immediately following the completion of the Keeler Me- 
morial Volume, we planned to begin with the reproduction of 
our long series of solar coronas, coronal spectra, etc., as 
illustrations for the proposed volume to contain the results 
of the Crocker Eclipse Expeditions to India. Georgia, Sumatra, 
Egypt, Spain, and Flint Island. It is hoped that efforts to 
secure funds for carrying on this work may soon be successful. 

The number of Lick Observatory Bulletins issued to date is 
160. This form of publication has been curtailed in the past 
three years to conform to reduced appropriations and greatly 
increased prices of printing. The special appropriation for 
the purpose has also borne the expense of printing and mailing 
brief Bulletins for the Berkeley Astronomical Department. 

The half of a fire and earthquake-proof building, with sev- 
eral storage vaults to contain our invaluable collection of 
celestial photographs and rooms suitable for the development, 
enlargement, measurement, and study of the photographs, was 
erected late in the year 1907. The regents of the university 
recently appropriated funds to complete the building. The 
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construction is at present under way and the building should 
be complete in October, 1909. 

During years of normal rainfall the water supply, depend- 
ing in the dry summer and fall months upon the storage capac- 
ity available, has been sufficient to meet the needs of households, 
photc^raphy, etc.; but in years of short rainfall it has been 
necessary to curtail the consumption. A serious shortage 
occurred in the fall and winter of 1908. The regents of the 
university recently authorized the construction of a steel Stor- 
age lank with capacity of i6o,(XK) gallons. This tank is under 
construction and should be available for the storing of water 
during the rainy months of the winter, for consumption in 
the latter half of 1910. 

A beginning has been made in the planting of trees imme- 
diately around the summit occupied by the main buildings. 
Assistance has been received from the U. S. Forestry Bureau. 
It is hoped that the afforestation near the summit of the moun- 
tain may proceed on a liberal basis from year to year. 

.At the request of the Navy Department of the United States 
Government, we determined the longitude of the Naval Ob- 
servatory at Mare Island, California, with reference to the 
assumed longitude of the Lick Observatory. 

The Lick Observatory has suffered great loss in the de- 
parture of Astronomer Ch.vrles D. Phrrine to assume the 
directorship of the National Observatory of the Argentine 
Republic. Coming to Moiuit Hamilton in the capacity of 
secretary in March, 1893, Mr. Perrine's ability, energy, and 
interest carried him rapidly forward in an astronomical career. 
He was appointed astronomer in the Lick Observatory in 
1905. The results of his work are well known to the readers 
of diese Publications. Suffice it to say that his services were 
of unusually great efficiency, and the many honors which have 
come to him were fully earned. He left Mount Hamilton with 
.the personal goodwill of all his associates. The chief attraction 
of his new post of duty lies in the opportunity which the largely 
undeveloped state of astronomy in the southern hemisphere 
presents. It is confidently expected that he will give a good 

account of his stewardship. ,,, ,,. _ 

■^ \\ . \V. Campbell, 

June 30, ipog. Director. 
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GENERAL NOTES. 

The Meeting of the Astronomical and Astrophysical Society 
of America. — The tenth annual meeting of the Astronomical 
and Astrophysica! Society of America was held at the Yerkes 
Observatory, Williams Bay, Wisconsin, August 18-21, 1909. 
The regular sessions for the presentation and discussion of 
papers and for the transaction of business by the society did 
not begin until Thursday morning, August 19th, but the 
Council of the society met at the observatory on Wednesday 
evening, and by the courtesy of Director Frost and Professor 
DuRNiiAM all members of the society who were present were 
given an opportunity to look through the 40-inch telescope, 
under Professor Hurnham's direction. Fortunately the sky 
was clear and the seeing fair, and, indeed, the society was 
favored with almost ideal weather throughout its sessions. 
The preceding week had been one of sultry and oppressive 
heat, but a heavy electrical storm on Monday night cleared 
the atmosphere, so that the following days of the week were 
only pleasantly warm and the nights for the most part clear. 

This initial courtesy on the part of the staff of the Yerkes 
Observatory was only an indication of the cordial hospitality 
shown by them to the society throughout the following days. 
In the secretary's announcements of the meeting it was stated 
that members attending would be able to secure convenient 
quarters at Point Comfort on Lake Geneva, not far from 
the observatory buildings ; but on our arrival we found the 
members of the staff insisting upon entertaining as many of us 
as their house-room would permit. The present writer had the 
very great pleasure of spending the three days as the guest 
of Professor and Mrs. Babn.ard. Not content with this, we 
were all entertained at lunch each day by Mrs, Frost and the 
other ladies; Mrs. Frost's house was open for a reception 
and tea at the close of the Thursday afternoon session ; the 
observatory was thrown open for general inspection, under 
guidance of the staff, on Friday before the afternoon session, 
and at the close of that session, by courtesy of Mr. Ryerson 
and other residents on the lake shore, we were treated to a 
launch ride about Lake Geneva. 
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I have purposely mentioned the social features of the week 
before giving any account of the sessions themselves, for, after 
all, the most profitable part of such a meeting is the opportunity 
it offers for the better mutual acquaintance of workers in re- 
lated lines of research and for the free interchange of views, 
and the social gatherings served these ends perhaps even better 
than the formal <liscussions of the papers. The fact that there 
was a very large attendance of members from all parts of the 
country — over fifty being registered — made this meeting an 
unusually favorable one for the promotion of acquaintanceship. 

The papers themselves were of the greatest interest, and 
there were forty-two of them. Many of them, as, for ex- 
ample, Parkhurst's "Precautions Necessary in Photographic 
Photometry," Moulton's "Some Considerations of Globular 
Star Ousters," and B.\rnard's "On the Photographs of Comet 
f 1908 {Morehouse)," led to considerable discussion. The 
last-named paper, like many others, was fully illustrated by 
lantern slides, and opportunity was also given for examining 
the beautiful stereoscopic views that Professor Barnard has 
prepared from his negatives of this comet. 

It is impossible to give here even by title all the papers pre- 
sented for our consideration. They treated, among other topics, 
of new designs of instruments, cameras, spectrographs, etc., 
new plans for tabulating the Moon's longitude, the problem 
of three bodies from the standpoint of spectroscopy, a proposed 
method of studying solar radiation at great altitudes, reports of 
progress in various researches, the spectrum of meteors, and 
the present needs of astronomy. 

Aside from the formal papers, several other reports and 
resolutions were presented that aroused interesting discussions. 
Among these was a resolution relating to the current news- 
paper articles on signaling to Mars. It was finally decided that 
a statement should be prepared by a committee, the wording 
to be at their discretion, to the effect that in the present state 
of our knowledge it did not seem necessary or desirable for 
the society seriously to consider this matter. 

The proposed change of name of the society to "The Ameri- 
can Astronomical Society" was also discussed at some length, 
but the present name was retained by a decisive vote. 
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Professor Comstuck gave the report for the Committee tm 
Comets. In brief, lie stated that arrangements had been made 
that would make it possible to photograph Comet Halley from 
practically all longitudes on the Earth ; for means will be forth- 
coming to bridge the great gap between the Lick and Solar 
observatories in California and observatories in Eastern Asia, 
by providing a temporary station at a suitable point in the 
Pacific Cfcean. The committee had also secured promises that 
Professor ItABNAHD would outline a program of photographic 
observations, Professor Frost one of spectrograph ic observa- 
tions, and Professor E. C. Pickering one of photometric ob- 
servations on this comet. These programs will be presented 
to astronomers in ample time to permit general co-operation 
in their execution. 

Abstracts of all the pa])ers presented will be printed in 
Science in the near future. It was also decided to issue a 
pamphlet giving a resume of the history of the society and of 
the ten meetings so far held, the pamphlet to include also the 
constitution and by-laws of the society and a list of members. 

R. G. AlTKEN. 

Tzi-o AVti' Calculating Tables. — Dr. J. Peters : Neue Rechen- 
tafeln fiir Multiplication und Division mil alien ein — bis vier- 
stelligen Zahlen. G. Reimer, Berlin, 1909. 

Dr. O. Lohse: Tafeln fiir numerisches Rechnen mit Ma- 
schinen. W. E.xclem.wn", Leipzig, 1909. 

It is the experience of all who find it necessary to carry 
through extended computations that it is scarcely possible to 
have at hand too many tables and other helps for the rapid 
performance of the different processes involved : it will be 
found that_these two excellent tables will at once fill a distinct 
gap which has hitherto existed in the working library of every 
computer. Dr. Peter's Rechentafein contain the products of 
all one- and two-figure numbers by all numbers up to 9,999, 
making it possible to take out the product of two four-figure 
numbers from the same half-page, with only about one half the 
labor involved in performing the same process with Crelle's 
Tables. For all work, least squares, etc., necessitating the use 
of four figures, it will be found a great time-saver. Moreover, 
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the numbers ending in a cipher are not omitted, as in the older 
edition of Crelle, a convenience which will be appreciated by 
the practised computer, and a liberal use has been made of 
nihngs and spacings so as to save the eye as far as possible 
from the strain incident to selecting figures from a solid, un- 
broken page. 

Lohse's Tafein have been published to facilitate the greatly 
increasing use of the calculating machine. The first table gives 
the reciprocals of numbers to five places, thus making it pos- 
sible to eliminate division, always more troublesome than multi- 
plication with the calculating machine. Following this is a five- 
place table of the natural trigonometric functions to each 
hundredth of a degree ; in this table all six functions are given — 
sine, cosecant, tangent, cotangent, secant, and cosine. Tables 
of square roots, and a convenient collection of trigonometrical 
and differential formulae close the book. The arrangement and 
typography are excellent. H D C 



yotes from "Science." — A bronze memorial tablet in honor 
of the late Dr. George W, Hough has been unveiled with 
appropriate exercises in the Dearborn Observatory of North- 
western University. 

The University of Rochester, Rochester, New York, has 
received under the provisions of the will of the late Rear- 
Admiral WiLLi.\M H.ARKNESS, professor of mathematics, 
U. S. N., almost his entire large and valuable collection of 
astronomical and scientific instruments and a considerable part 
of his library. The instruments, including an Alvan Qark 
telescope, comprised the equipment for a private observatory 
he intended to erect. The devise of books included over sixteen 
hundred volumes and about seven thousand unbound period- 
icals and pamphlets. The university has placed the works on 
astronomy and physics in a separate section of its library, as 
the basis of a scientific department, to be known as the Hark- 
ness Scientific Library. 

Mr. Philip Fox, hitherto instructor in astrophysics at the 
Yerkes Observatory, University of Chicago, assumed the duties 
of professor of astronomy in the Northwestern University and 
director of the Dearborn Observatory, Evanston, Illinois, on 
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September ist. He is succeeded at the Yerkes Observatory by 
Dr. Frederick Slocum, for several years assistant professor 
of astronomy at Brown University, who has just returned from 
a year in Europe, principally spent at the Royal Astrophysical 
Observatory at Potsdam. 
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Astronomical Society of the Pacific. 

Vol. XXI. San Francisco, California, Deceubek 10, 1909. No. 129 



ASTRONOMICAL PROBLEMS OF THE SOUTHERN 
HEMISPHERE. 

By Hebkb D- Cvrtjs, 

It is a natural result of the more recent development of the 
civilizations of the southern hemisphere that advances in the 
science of astronomy should- likewise be less extensive than 
those made by the parent civilizations of the northern hemi- 
sphere. From the nature of the case, the soutlieni hemisphere 
possesses relatively few astronomical records which can com- 
pare, in point of time, with those obtained for the northern 
skies during the last two centuries: and in the past, but to a 
less extent to-day, no small part of the progress made in 
mapping and studying the southern skies lias been made by 
expeditions from the older foundations of Europe and America. 
Probably the first observatory south of tiie equator which 
can be described as of a permanent character was that founded 
by Sir Thomas Bhisb.\ne in Paramatta, New South Wales, 
as a private observatory, in 1821 ; its period of activity extended 
over about ten years, and it was later incorporated with the 
Observatory of Sydney. An observatory was founded in 
Buenos Aires in 1822, but its period of activity was very short. 
Although the Observatory of the Cape of Good Hope was 
founded in 1820, its activity did not commence till 1829, the 
date of its completion ; the extremely valuable and extensive 
work carried on here during the eighty years past give to it 
the unchallenged rank as the oldest permanent astronomical 
foundation in the southern hemisphere. At a later date we 
find the foundation of the Observatory of Santiajro in 1856; 
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Melbourne, founded in Williamstown, Victoria, in 1853 and 
transferred to Melbourne in 1861 ; Adelaide, established in 
1854; Cordoba, 1870; Arequipa in 1891, and others of more 
recent date. Among the early expeditions of a temporary 
character may be noted the visit of Halley to St. Helena in 
1677; later we come to the appearance of the first large, sys- 
tematic catalogue of the southern stars by Lacaille as a result 
of his stay of four years at the Cape of Good Hope in the 
years 1751-55; the noteworthy investigations made at the same 
spot by Sir John Herschel from 1834 to 1838; the expedi- 
tion sent to Santiago under charge of Gilliss in 1849; and 
others of more recent date to which attention will be called 
later. 

The observatories in the southern part of the north tem- 
perate zone can extend their investigations in many lines of 
astronomical research to a distance of thirty degrees to the 
south of the celestial equator without great difficulty or loss 
of accuracy, but from this limit to the south pole we have a 
region amounting to about one fourth of the entire sky which, 
relatively to the northern skies, was almost as much a terra 
incognita seventy-five years ago as was Central Africa at the 
same date, and which to-day contains many virgin fields which 
offer rich returns to the exploring astronomer. 

In the first great subdivision of astronomy, the astronomy 
of position, whose field is primarily the determination of the 
accurate positions of the fixed stars, the observed changes in 
these positions are so minute that the element of time becomes 
the most important factor to enable conclusions to be drawn 
from a given mass of observations as to the proper motions 
of the -Stars and the structure of the sidereal universe as a 
whole. Because of this relatively short time-factor since the 
earlier exact observations of the positions of the southern stars. 
the astronomy of precision of the southern hemisphere can not 
yet compete with the results from the northern heavens. Sir 
D.AViD Gill has said, and there is doubtless no more competent 
authority to pronounce upon this point than he, that the state 
of our knowledge of the exact positions of the stars of the 
southern hemisphere is at least a century behind that of the 
northern hemisphere. Nevertheless, if we consider the results 
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already secured in the exact cartography of the southern skies, 
and take into consideration also the researches in this field at 
present well under way, we may safely reach the conclusion 
that the coming twenty years will render our knowledge of 
southern star positions very little inferior to those of the 
northern skies, always excepting, in this conclusion, the dis- 
advantage arising from the lack of early obse^^'ations, a lack 
which will necessitate the acaimulation of results for many 
years before our knowledge of southern proper motions can 
equal that of the northern stars. 

In this task of bettering our knowledge of exact star posi- 
tions in the southern hemisphere it is doubtless superfluous to 
mention here the excellent work that has been done in the past 
and is now in progress at a number of southern observatories, 
especially the extensive results from Cordoba and the Cape of 
Good Hope. In 1865 the Astronomische Gesellschaft under- 
took the extensive task of mapping, by means of exact meridian 
observations, all the stars in the sky down to the ninth mag- 
nitude. This work for the northern hemisphere and for some 
distance south of the celestial equator is now practically com- 
pleted, and the work is advancing favorably for the more 
southerly portions of the sky at the observatories of Madras, 
Melbourne, and the Cape. 

One of the most important programs in connection with the 
astronomy of precision of the southern hemisphere is that 
inaugurated last year under the auspices of the Carnegie Insti- 
tution of Washington. It has for its object the measurement 
of the accurate positions of about twenty-five thousand stars 
in the southern skies in accordance with the system of Pro- 
fessor Boss, of Dudley Observatory. The instrument employed 
is the meridian circle of the Dudley Observatory, which has 
been used in the past for exactly similar work in the northern 
skies. The constants, graduation errors, etc.. of this instru- 
ment have been so thoroughly investigated that doubtless no 
more efficient instrument exists to-day for this class of work. 
By the use of the same instrument, the same system of reduc- 
tions, and to a certain extent even the same observers, it seems 
probable that the results of this program will afford us a far 
more exact binding together of the northern and southern 
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skies in one homogeneous system than we possess to-day. Tlie 
site has been selected at San Luis in tlie Argentine Republic. 
Professor Tucker, of the Lick Observatory, is in charge of 
the Carnegie Observatory at San Luis, and recent advices state 
that the site seems to be a very favorable one for this class of 
work; it is hoped that the number of clear nights will average 
two hundred per year. The project involves about three years' 
work, and about seven observers and assistants are employed. 
. Observations will be made throughout every clear night, "from 
sun to sun," with supplementary observations by day. and at 
this time the work of the observatory is doubtless in full swing. 
In the years 1885-91, under the direction of Sir David Gill, 
the Observatory of the Cape of Good Hope undertook an exten- 
sive photographic map of the southern skies, from declination 
— 19° to the south pole. The measurement of the positions 
of the stars on these plates was carried throngh by the disin- 
terested and self-sacrificing labors of Professor K.^pteyn, and 
the publication in 1900 of the third and concluding volume of 
the great "Cape Photographic Durchmusterung" marked the 
completion of this monumental task. It contains the positions 
of 454.875 stars nearly to the tenth magnitude, and the positions 
are accurate to about one second of arc. It is an epoch-making 
work in the cartography of the southern heavens; in fact, until 
the completion of the ".■\strographic Catalogue" no such com- 
plete and systematic photographic catalogue exists for the 
northern hemisphere. Naturally it can not compete, however, 
with the accuracy of the "Astrographic Charts"; those from 
Helsingfors, for example, having the small probable error of 
o."ii for the mean of two measured star images. 

Without doubt, however, the greatest problem in the cartog- 
raphy of the southern skies which awaits the observatories of 
the southern hemisphere is the completion of their respective 
shares in the great photographic map of the heavens mentioned 
above, which was inaugurated at the International Conference 
in Paris in 1887. As. is well known, this plan, in its entirety, 
involved the construction of a photographic map of the entire 
sky down to the fourteenth stellar magnitude, for which about 
twentj'-two thousand plates were to be taken, and the total 
number of the stars registered on the plates would probably 
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reach twenty million. Supplementary to these charts the plan 
contemplated the pubUcation of a great catalogue of perhaps 
two million stars down to the eleventh magnitude, based on 
plates of shorter exposure time. The task was apportioned 
among eighteen observatories in the two hemispheres. The 
observatories south of the equator which possess photographic 
equatorials of the uniform type adopted for the work are those 
at La Plata. Cordoba, the Cape. Santiago, Perth, Melbourne, 
and Sydney. It was proposed that the entire work be repeated 
in one hundred years. But so vast is the scope of this program 
that even in the northern hemisphere this project, whose value 
for the astronomy of position of the future can scarcely be 
over-estimated, has by no means made the progress anticipated 
for it at the time of its inception. Owing to the cost, only a 
few of tile co-operating observatories have agreed to publish 
the great maps, and among southern observatories Perth has 
decided to take only the plates to the eleventh magnitude and 
to publish the resulting catalogue. Perth has taken all the 
plates in its zone, and has commenced the measures for the 
Catalogue. The section apportioned to the Cape of Good 
Hope is now nearly completed, both as to the taking of the 
plates and their measurement, and rapid progress is being 
inade at Sydney, Melbourne, and Cordoba. ■ Up to 1908 
nothing had been done at La Plata or Santiago, though 
Dr. RiSTEMPART, recently appointed director of the National 
Observatory at Santiago, will make every effort for the prompt 
completion of the zone assigned to him; the work of taking 
the plates has already been begun under the direction of Dr. 
ZcRiiELLEN. It would Seem that the publication of the costly 
maps might well be abandoned, for the plan adopted at Oxford 
of publishing only the co-ordinates of the stars would be far 
cheaper and fully as useful. 

Excellent work has been done in determination of stellar 
parallax at the Cape of Good Hope, but the difficult field of 
work which has for its aim the determination of the distances 
of the stars by the heliometer or modern photographic methods 
is still practically untouched in the southern hemisphere. Par- 
allaxes of only seventeen stars south of declination — 30° have 
been published, while north of this limit about three hundred 



:dbv Google 



236 Publications of the 

parallaxes have been determined, many of them a number of 
times, by different observers and different methods. 

In the interesting field of double stars, as is well known, 
Herschel discovered many systems in the southern skies, and 
modern observers, as Innes, Taylor, and others, have materi- 
ally augmented this number. During the past decade Pro- 
fessors AiTKEN and Hussey have been making a very complete 
and systematic search for such doubles in the northern celestial 
hemisphere, with the result that several thousand new doubles 
have been discovered, many of them of great interest. They 
have reached the conclusion that at least one in every eighteen 
stars brighter than the ninth magnitude is a visual binary 
system. To these results we must add the evidence of the 
spectroscope that one in every five or six of the stars thus far 
examined is a spectroscopic double, and we have facts whose 
importance it is scarcely possible to over-estimate in their 
bearing on our theories of stellar evolutfon. Such systematic 
researches for the discovery of visual doubles are most urgently 
needed in the southern skies to round out the program which 
these astronomers have now nearly completed for the northern 
portions of the heavens. In this regard there is no doubt that 
the southern sky offers one of the richest and most promising 
fields of research existing to-day. Burnham's great "Cata- 
logue of Double Stars," recently published by the Carnegie 
Institution, includes 13,665 pairs of stars and extends to south 
declination 31°. This eminent authority estimates that a cen- 
tury must pass before sufficient data can be collected to make 
a similar catalogue necessary for the southern hemisphere. 
Innes's "Reference Catalogue of Southern Double Stars" ' 
contains 2,191 pairs between the equator and the south pole, 
but of this number about 925 are between the equator and 
Burnham's southern limit, nearly all of which have been 
discovered by observers in the northern hemisphere. A com- 
parison of the number remaining, south of — 31°, with the 
results from the northern skies will show clearly that there 
may well be two thousand double stars brighter than the 
ninth magnitude at present awaiting discovery in the southern 
hemisphere, to say nothing of the need for additional researches 
on the pairs already known. 

' Cape Annali. Vol. II, part II. 189$. 

D,:„lzcdbvG00glC 



Astronomical Society of the Pacific. 237 

During the past ten years systematic observations have 
been made at six special stations in the northern hemisphere 
to study the small oscillations of the axis of the earth known 
as the variation of latitude. These stations are located at 
Mizusawa, Japan; Tschardjui. Asiatic Russia; Carloforte. 
Italy, and at Gaithersburg, Maryland; Cincinnati, Ohio, and 
Ukiah, California; and are all situated almost exactly on the 
parallel of north latitude 39° 8'. In 1905 the association which 
has this research in hand, Das Centralbureau der Intemationa- 
len Erdmessung, decided to extend this series of observations to 
the southern hemisphere, and the plans at first contemplated 
three stations : in Sydney, Australia ; Capetown, Africa ; and 
Santiago, Chile. It was pointed out, however, by Dr. Helmebt 
that better results could be secured, as far as the evaluation 
of the so-called Kimura-term in the latitude equation was con- 
cerned, by two stations placed as exactly as possible on opposite 
sides of the earth. Accordingly, after correspondence with 
authorities in Australia and the Argentine Republic, two sites 
were chosen in 1905 which satisfy this condition, and are, in 
addition, admirably situated as regards climatic advantages. 
Both are in south latitude 31° 55' 15", and differ 179° 36' 
in their longitudes. The Australian installation is in charge of 
Dr. Hessen, formerly of Berhn, and is located at Bayswater, 
West Australia, about four miles from Perth, the capital. The 
Argentine station is under the direction of Dr. LuiGi C.arnera, 
formerly occupied in similar observations at Carloforte, and 
is located at Oncativo, about forty-five miles from Cordoba. 

Both of these stations commenced observations in 1906, and 
the work has been prosecuted with great energy since that 
date.' The results thus far secured are enabling us to draw 
more accurate conclusions with regard to these supplementary, 
exceedingly minute movements of the Earth's axis. 

The formula for the variation of latitude is ordinarily 
expressed by the equation 

•p — ip' := X cos k •+■ y sin A -f j, 
where .r and y are the components of the variation in the planes 
of zero longitude and that perpendicular to this, while the 

•The observations at Bayswaler «trc disconimgcd in Januaix. 1909; Ihe station 
al Oncalivo h» been taken over by Ihe Government of tbe Aigcntine Republic. 
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term :;, called the Kimura-temi from the Japanese astronomer 
who suggested its introduction, denotes that part of the varia- 
tion which is common to all the stations, corresponding to an 
apparent movement of the center of gravity of the earth toward 
one or the other pole. The results from the northern stations 
have revealed the interesting fact that the value of : is periodic, 
with a period of one year, reaching its zero values about March 
9th and September 12th, and its maximum and minimum 
values on June loth and December 10th, these points coming, 
then, about ten days before the solstitial points. The prelim- 
inary results from the southern stations coincide almost exactly 
with those from the northern stations with respect to the mag- 
nitudes of X and y, and show, in addition, that the value of 
the ^-term is of the same magnitude and algebraic sign as that 
derived from the northern results. This ::-term is very small, 
oscillating only o."o4f) on each side of the mean, which, if real, 
would corresj>ond to a movement of the center of gravity of the 
earth of about four and a half feet toward the north or the south 
pole. The temptation is very strong to seek a meteorological 
explanation for this small shift of the plane of the equator. The 
accumulation of snow and ice at one pole, together with the 
corresponding diminution at the other pole due to the melting 
in the stunmer season, would be perhaps sufficient to explain the 
shift, but, if this were the true and only explanation, it is diffi- 
cult to see why the maxima and minima do not follow the 
solstitial points by a considerable interval of "lag," instead of 
preceding them by about ten days.' Moreover, the quantities 
involved are so extremely minute, such transcendental care is 
necessary in arranging and making the observations, and such 
pains to exclude in the investigation all possible sources of 
systematic error, that astronomers are by no means in accord 
as to the real existence of the r-term. Biske has shown that 
a variation similar to that afforded by the ::-term could.arise 
as a result of inaccuracies in the adopted value of the solar 
nutation, and that future progressive changes in this value 
could result from similar slight errors in the adopted value 
of the lunar nutation. Quite recently Professor Hiroyam.^, 

slowly shifting. ' "'«»-'■" 
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of Tokio, has subjected the results of the first four years of 
the latitude variation results to a careful analysis, and reached 
the conclusion that the r-tenn is probably a result of errors 
which may be classified as instrumental. He did not include 
in his researches, however, the results from the southern 
stations. 

Probably no more marked case of modern specialization in 
the science of astronomy, no more fitting example of minute 
and careful analysis, nor any better illustration of the mutual 
interdependence of fields of investigation apparently widely 
separated, can be found than this same subject of the variation 
of latitude. Long since. Eui.eh, from purely mathematical con- 
siderations with regard to a rotating spheroid, showed th^t 
the axis of the earth should be subject to a minute oscillation. 
with a period of 305 days. In 1890-91 Professor Kustner 
announced that this prediction had been confirmed by observa- 
tion, but that the period was about 427 days. So minute is 
the movement that the poles shift from their mean position 
by less than thirty feet. Eight special observatories have 
been established, six in the northern hemisphere and two in 
the southern, and experienced observers are carefully accumu- 
lating; the observations for the further study of this varia- 
tion, determining from observations of the stars a periodic 
movement of the positions of the poles of the earth only a 
little greater tlian the distance from one wall of their small 
ob.se rva to ries to the other, and even showing, with some prob- 
ability, that the earth's center of gravity oscillates once a 
year a distance of only a little over four feet toward one pole 
or the other. From these results Darwin', Hnrr.ii, Lar.mor, 
and others have undertaken the investigation of the difference 
between the observed period of 427 days and that of 305 
called for by theory, finding the explanation in the slight 
yielding of the earth, and have deduced the result that the 
earth, as a whole, must possess an effective rigidity a little 
greater than that of steel. In confirmation of these results, 
tidal students have found evidences, though very slight, of a 
minute tide with a period of 430 days. And in still another 
field these results may possibly prove of interest. No less an 
authority on earthquakes than Professor Milne has expressed 
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the opinion tiiat earthquakes are more frequent at those epochs 
when the axis of the earth is farthest from its mean position, 
though this theory is not accepted by most seisinoli^ists. 

In the wide field of stellar photometry, a very large propor- 
tion of our knowledge of the southern stars comes from the 
results of the Harvard photometric expeditions and particularly 
from its station at Arequipa, Peru. Through the visual results 
secured at Cordoba, the photographic magnitudes as given by 
the Cape Photographic Durchmusterung, and the long series 
of exact visual estimations made with the meridian photometer 
at Arequipa, we may say that, except in certain special studies 
on the fainter stars, the state of our knowledge of the relative 
flrilliancy of the stars of the southern hemisphere is not inferior 
to that of the northern hemisphere. 

From this station, too, has come far the largest proportion 
of what is known to-day with reference to the variable stars 
in the more southerly regions of the sky. Epoch-making in 
this branch is the discovery by Professor Bailey of a very 
large number of variable stars in clusters. The Magellanic 
Clouds and other clusters in the southern hemisphere have 
alone given about two thousand new variable stars ; the deter- 
mination of the periods of all these and the study of the 
pecuharities in their variation will in itself furnish work for 
many years to come. Much remains to be done as well on 
the brighter variable stars of the southern hemisphere. 

Through the excellent work at Arequipa, also. Harvard's 
extensive spectrographic surveys have been extended to the 
south pole. While it is certain that future studies with spec- 
trographs of higher dispersion will bring forth many new facts 
with regard to stellar constitution, there is no doubt that Har- 
vard's extensive surveys of the entire sky in the photometric 
and spectrographic fields will for decades be to the astro- 
physicist what the Bonn Durchmusterung has been to the 
worker in the astronomy of position. 

As in the surveys just mentioned, the spectrograph was at 
first employed solely to determine the constituent elements of 
the Sun and the stars,- but the application of the Doppler- 
Fizeau principle to the detennination of a star's velocity in 
the line of sight from its spectnnii has opened up to astronomy 
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a field so vast that we scarcely dare lo-day even to demark 
its boundaries. Few are the fields of astronomical research 
where the work in radial velocities is not making itself felt, 
and to-day we are furnished with the interesting spectacle of 
the oldest astronomy of position and the newer astronomy of 
the spectrum drawing closer and closer together for the solution 
of problems of sidereal structure. In order to determine the 
motion of our Sun through space many analyses have been 
made of the minute proper motions of the stars across our line 
of vision, but all such determinations are subject to some uncer- 
tainty because of the fact that the true distances of the stars 
whose proper motions are used in the analysis are, in general, 
very imperfectly known. On the other hand, the spectrograph 
gives us the velocity of a star in the line of sight, a velocity 
which, in stars possessing good spectral lines, is accurate within 
a few tenths of a kilometer per second, and which is entirely 
independent of the distance of the star from our system. For 
this reason it should be possible to determine from the radial 
velocities of a considerable number of stars well distributed 
over the entire sky a much more accurate value of the amount 
and the direction of the movement of the solar system through 
space. 

For a complete solution of this problem, at whjch Dr. 
Campbell and his associates have been working during the 
past fifteen years, it was necessary that radial velocities he 
secured for the stars in the southern hemisphere. This need 
was laid before Mr. D. O. Mills, who, in 1902, generously 
gave the funds necessary for the installation on Mount San 
Cristobal, Santiago, Chile, of a 37-inch reflecting telescope 
with the necessary spectrographic equipment, and in 1905 
advanced further funds to continue the southern work for 
five years longer. 

Up to date about 6,200 spectrograms have been taken at 
Mt. Hamilton and 2,700 by the D. O. Mills Expedition at 
Santiago, on nearly 1,400 stars. The northern portion of the 
program is nearly completed, and two years more should see 
the southern portions of the work essentially finished, though 
decades could well be used in investigating the "by-products" 
which have appeared in the course of the work, and other 
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decades for the much needed extension of these researches 
to fainter stars. To give one instance only, at the Santiago 
station alone forty-eight spectroscopic binaries have been an- 
nounced up to May, lyoy, and to work up these binary systems 
adequately and compute their orbits would necessitate at least 
three years" work. One in every five or six of the northern stars 
examined has proved to be a binary, and nearly one in five of the 
stars observed by Professor Whujiit during the first two years 
and a half of the work of the D. O. .Mills Exiwdition. The 
discovery of so many spectroscopic binaries has [greatly com- 
plicated the problem of determining the solar motion ; more- 
over, several other complexities have of late been added to the 
analysis of the results. Recent investigations of the proper 
motions of the stars made by Kapteyn', Eddington, Dyson. 
ScHWARzsciiiLii, and others, have shown that our universe is 
probably complex rather than homogeneous in respect to it* 
structure, for there seem to be at least two fairly well marked 
directions of motions among the stars as a whole. Moreover. 
MoxcK and K.vpteyn have pointed out that a considerable 
majority of stars possessing marked proper motions belong to 
those spectral types which show numerous lines of various 
elements, while the hydrogen and helium stars are relatively 
fixed in si>ace. In connection with these facts a further com- 
plexity is brought in on the sjwctroscopic side through the 
unfortunate circumstance that it is not possible to derive 
accurate velocities for many of the hydrogen and helium stars. 
because of the wide and hazy character of their spectral lines. 
A simple solution will then perhaps be insufficient, on the as- 
sumption that all the velocities arrange themselves according 
to the probability curve: it would seem that a satisfactory con- 
clusion can only be reached by a very careful combin.ition of 
spectrographic results with due regard to all that the astron- 
omy of position can give us with reference to, ■'star-drift,' 
pro]>er motions, and variation of pro]>er motion with type of 
spectrum. 

Work on the determination of radial velocities has recently 
been inaugurated at tlic Observatory of the Cape of Good 
Hope, so that these two observatories, that at the Cape, and 
the D. O. Mills Expedition, have to themselves this rich and 
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still only partly explored field, while in the northern hemi- 
sphere some ten observatories are at work on problems more or 
less allied to the determination of radial velocities. 

In Figure 1 are shown the location of the principal observa- 
tories of the world; the cut is that given by Stroobant in Lcs 
Obsen-atoircs Astronomiqucs ct lcs Aslronomcs, Bruxelles. 
1907, with the addition of a few recently established stations. 
The map shows, better than any description or tabulation, the 
overwhelming disproportion in the number of astronomical 
foundations in the northern and southern hemispheres. 

Sufficient has been said to point out the great richness of the 
skies of the southern hemisphere as a field for the working 
astronomer, and note has been made of some of the lines of 
work in which there are great untouched regions awaiting the 
explorer. Numerous other points in which there is need for 
work in southern skies could easily be pointed out. Much 
work still remains to be done by those who are not jxissessed 
of powerful instruments in the study of the brighter variable 
stars and meteor radiants. Excellent photographs have been 
made with the Bruce Refractor at Areq.iipa, but the field of 
southern nebular photography with reflecting telescopes is 
almost untouched as yet. and there is no more urgent need for 
the astronomy of the southern hemisphere than the establish- 
ment of a large reflector to continue for the wuthern skies the 
work done by Roberts, Keeleh, Perri.ne. and others on the 
northern nebulw and clusters, for the study of faint variable 
stars, for parallax investigations, and many other allied lines 
of research. A program of nebular photography has been in- 
augurated with the new reflector at Helwan, Egypt ; its southern 
limit, however, will extend only to — 40°. The day must come, 
also, when there shall be established at some favorable ]Joint 
in the southern hemisphere a large solar observatory to carry 
on solar studies and investigations of the Sun's constant of 
heat in the southern summer season, thus supplementing the 
work of the northern solar observatories. 

Above all, so few are the workers in this southern field 
compared with the men and the instruments attacking the 
problems of the northern skies, that some scheme of co-oi)era- 
tion among southern observatories seems imperative, each one 
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to devote its attention to some one line of work or some definite 
zone. Professor Cooke, of Perth, has recently pointed out the 
disadvantages arising from scattered and unsystematic observa- 
tions in meridian circle work, and has announced that for the 
future all the efforts of Perth Observatory in determining 
stellar positions will be concentrated upon the zone from south 
declination thirty-one to forty-one degrees. Some such plan 
of co-operation and delimitation seems essential for the future 
progress of astronomy, and more particularly for the astronomy 
of the southern hemisphere ; as Professor Kapteyn has pointed 
out, the scope of this science to-day, with its millions of isolated 
units demanding study, is too vast for the combined efforts of 
all the observatories of the world, and he has accordingly 
snggested the well-known plan of limiting future studies to 
certain relatively small "selected areas," a plan which promises 
to be the best method of extending our finite knowledge in a 
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PLANETARY PHENOMENA FOR JANUARY AND 
FEBRUARY. 1910. 

Bv Malcolm McNeill. 

PHASES OF THE MOON, PACIFIC TIMF_ 

Last Quarter.., Jan. 3,5" 27" AW. Last Quarter. .Feb, 2. 3''27mA.M. 

New Moon " 11,3 51 a.m. New Moon " g. s '3 pm. 

First Quarter... " 18.2 21 a.m. First Quarter. " 16,10 32 a.m. 

Full Moon *■ 25,3 51 A.M. Full Moon " 23, 7 36 p.m. 

The Earth is in perihelion January ist, 3" a.m., Pacific time. 

Mercury is an evening star until January 26th, i"" a.m., when 
it passes inferior conjunction and becomes a morning star, 
remaining a morning star until early April. During the first 
half of January it will be a comparatively easy object for naked- 
eye view in the twilight soon after sunset, remaining above the 
horizon more than an hour, and at the time of greatest east elon- 
gation, January loth, nearly an hour and one half after sunset. 
The greatest east elongation is rather a small one. as it occurs 
only eight days before the time of perihelion, and this makes 
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rather a short period of visibility. After greatest elongation it 
moves rapidly toward inferior conjunction and then rapidly 
away from the Sun westward. It reaches greatest west elonga- 
tion on February 19th, 26° 33', a distance from the Sun not 
much less than the maximum, as it is then only eleven days 
from aphelion. During the latter half of February it may be 
seen under favorable weather conditions in the early morning 
twilight, as it rises somewhat more than an hour before sunrise. 
On February 27th it is in conjunction with Venus, the latter 
planet being 9° 18' north of the former. 

I'cnus is an evening star throughout January, passes inferior 
conjunction with the Sun on the morning of February 12th, 
and remains a morning star until it reaches superior conjunc- 
tion on November 26th. On January ist it sets about three 
and one-half hours after .sunset. This interval diminishes to 
about three hours by the middle of the month, and at the end 
of the month it is only an hour and one half. It can be seen 
as an evening star for only a few days in February, as it 
rapidly nears inferior conjunction. By February 20th it rises 
more than an hour before sunrise and this interval is increased 
by half an hour before the end of the month. The period of 
invisibility on account of proximity to the Sun is much less 
than it usually is, for the reason that the planet passes the point 
in its orbit farthest north from the ecliptic on February 26th, 
and at the time of inferior conjunction is 8° north of the Sun. 
It is barely possible that it may be seen both as evening and 
morning star on the same day. During January the planet will 
be very bright, reaching its maximum at the end of the first 
week of the month. For some weeks it will be bright enough 
lobe seen in full daylight by the naked eye. 

Mars is still in good jjosition for observation, as it remains 
above the horizon until after midnight throughout the two 
months' j)eriod, and may be easily seen in the southern or south- 
western part of the heavens on any clear evening. It moves 
34° eastward and 12" northward among the stars from the 
eastern part of Pisces through .-irks to the western part of 
Taurus. On January ist its distance from the Earth is about 
the same as the Earth's mean distance from the Sun. but the 
distance is increasing very rapidly, and by the end of Feb- 
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ruary it is more than fifty per cent greater than it was in early 
January. Its brightness is of course greatly diminished from 
that it had in the early autumn of 1909. being on January ist 
less than one sixth of the brightness at opposition, and it will 
lose more than half of this by the end of February. But it 
will still be as bright or brighter than a standard first mag- 
nitude star ; and there will not be the slightest difficulty in 
recognizing it, as it is in a region where there are no bright 
stars, and its peculiar ruddy color will also aid in identifying it. 

Jupiter rises shortly after midnight on January ist, and at 
about 8" 30" P.M. on February 28th. During the latter part of 
the period it will be in fair position for observation in the 
southeastern sky late in the evening. It is in the western part 
of the constellation Virgo and move.s about one degree east- 
ward until January 30th, and during February retogrades, 
moves westward, about the same amount. 

Saturn is very close to Mars, about 3° south, on January ist, 
setting not long after midnight, but its eastward motion among 
the stars is comparatively slow, and the planets rapidly sep- 
arate. By the end of February Saturn sets shortly after 9 p.m. 
It is in the constellation Pisces and moves about 4'' eastward 
and northward during the two months, 

Uranus passed conjunction with the Sun in December, 1909, 
and is a morning star, but during the greater part of the period 
is too near the Sun to be .seen. At the end of February it rises 
about 2*' 30" -v.M. It moves about 3° eastward in the constel- 
lation Sagittarius during the two months. 

Neptune comes to opposition with the Sun on January 8th, 
and is then above the horizon throughout the entire night; 
but it is too faint to be seen without a telescope. It moves 
westward slowly in the constellation Gemini. 
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BY-LAWS 
ASTRONOMICAL SOCIETY OF THE PACIFIC. 

ARTICLE I. 

This Society shall be styled the Astronomical Society of 
THE Pacific. Its object shall be to advance the Science of 
Astronomy, and to diffuse information concerning it. 

ARTICLE II. 

This Society shall consist of patrons, active members and 
life members, to be elected by the Board of Directors, 

1. Persons who render distinguished services to the Society 
may be designated as patrons of the Society. The consenting 
votes of eight members of the Board of Directors shall be neces- 
sary for election to this status. Such election shall carry with 
it election to life membership in the Society and the privileges 
attached thereto. 

2. Active members shall consist of persons who shall have 
been elected to membership and shall have paid their dues as 
hereinafter provided. 

3. Life members shall consist of persons who shall have been 
elected to life membership and shall have paid $50 (fifty dol- 
lars) to the Treasurer of the Society. 

4. .\ certain number of observatories, academies of science, 
astronomical societies, institutions of learning, etc., not to ex- 
ceed one hundred, shall be designated by the Board of Directors 
as Corresponding Institutions, and they .shall receive the 
Publications of this Society in exchange or otherwise. 

ARTICLE III. 

At each annual election there shall be elected a Board of 
eleven Directors, and a Committee on Publication, consisting of 
three members. The officers of this Society shall be a Presi- 
<lent, three Vice-Presidents, two Secretaries, and a Treasurer. 
The Directors shall organize immediately after their election. 
and elect from their number the officers of the Society. They 
may also appoint a Librarian, and such other assistants as may 
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be required. The Directors shall fill by appointment any vacan- 
cies which may occur after the anmial election. 

The Library of the Society shall be kept in San Francisco, 
and shall be open to the use of all the members. 

ARTICLE IV. 

The President, or, in his absence, one of the three Vice- 
Presidents, or, in the absence of both the President and the 
Vice-Presidents, any member whom the Society may appoint, 
shall preside at the meetings of the Society. It shall be the duty 
of the President to preserve order, to regulate the proceed- 
ings of the meetings, and to have a general supervision of the 
affairs of the Society, The President is, ex-ofRcio, a member of 
all Committees of the Board of Directors. 

ARTICLE V. 

The Secretaries shall keep, and have the custody of, the 
records; they shall have the custody of all other property of 
the Society, excepting the money thereof; they shall give 
timely notice of the time and place of meetings ; they shall keep 
ill books a neat and accurate record of all orders and proceed- 
ings of the Society, and properly index them ; they shall con- 
duct the correspondence of the Society; they shall preserve 
and index the originals of all communications addressed to the 
Society ; and keep a copy of all their letters, properly indexed ; 
and they shall prepare for publication an accurate summary of 
the transactions of the Society at each of its meetings. 

ARTICLE VI. 

The Treasurer shall receive and deposit in such bank as may 
be designated by the Directors, to the credit of the Society, all 
donations and bequests of money and all other sums belonging 
to the Society. He shall keep an account of all money received 
and paid by him, and at the annual meetings shall render a 
particular statement of the same to the Society. Money shall 
be paid by him only on the written order of the Finance Com- 
mittee of the Board of Directors. He shall give such bonds 
as may be required by the Board of Directors. 
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ARTICLE VII. 

Candidates for active or life membership may be proposed by 
any member of the Society to either of the Secretaries, in 
writing. A list of such candidates shall be certified to the 
Board of Directors by the Secretaries at each of their meetings, 
in writing. A majority (not less than three) of the Directors 
present at any such meeting shall be required for election. 

ARTICLE VIII. 

Each active member shall pay as annual dues, the sum of 
five dollars, due on the first day of January of each year in 
advance. When a new member is elected during the first 
quarter of any year, he shall pay full dues for such year ; when 
elected during the second quarter, he shall pay three -fourths 
only of such dues ; when elected during the third quarter, he 
shall pay one-half only of such dues; when elected during the 
last quarter, he shall pay one-fourth only of such dues ; pro- 
vided, however, that one-half only of the dues in this article 
provided for shall be collected from any member who is actually 
enrolled as a student at a university, seminary, high school, or 
other similar institution of learning, during such time as he 
is so enrolled. No one shall be deemed an active member, or 
receive a diploma, until he has signed the register of members, 
or accepted his election to membership in writing, and paid 
his dues for the current year. Any member may be released 
from annual dues by the payment of fifty dollars at one time, 
and placed on the roll of life members by the vote of the 
Board of Directors. Any failure on the part of a member to 
pay his dues within six months after the time the same shall 
become payable, may, at the discretion of the Board of Direct- 
ors, be considered equivalent to a resignation. 

ARTICLE IX. 

The annual meeting of this Society shall be held on the last 
Saturday in March, at eight o'clock p. M., at the rooms of 
the Society in San Francisco; and meetings shall be held for 
the ordinary transactions and purposes of the Society, as 
follows : — 
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A meeting shall be held in the library of the Lick Observa- 
tory at a suitable hour on the last Saturday of August; and 
meetings shall be held in the rooms of the Society, in San 
Francisco, at eight o'clock p. M., on the last Saturdays of Janu- 
ary, March, June and November ; but it shall be within the 
discretion of the President to designate other places of meet- 
ing, in San Francisco or vicinity, for the meetings of Janu- 
ary, June and Xovember, whenever, in his opinion, such change 
will be to the advantage of the Society. 

A special meeting may be called by the President, or, in his 
absence or disability, by one of the Vice-Presidents, or, in the 
absence or disability of both the President and the Vice-Presi- 
dents, by the Secretary, on the written requisition of ten active 
or life members ; and the object of such meeting shall be stated 
in the notice by which it is called. 

The annual election shall be held on the day of the annual 
meeting, between the hours of 8:15 and 9 P. M. 

No member shall be permitted to vote at any meeting of the 
Society >vho has not paid all his dues for past and current 
years. There shall be no voting by proxy. 

ARTICLR X. 

Fifteen active or life members shall be a quorum for the 
transaction of business. 



No papers or mannscripts shall be published by the Societj' 
without the consent of the Directors. Any motion to print an 
address, or other paper read before the Society, or any other 
matter belonging to the Society, shall be referred to the Com- 
mittee on Publication, who shall report to the Directors. The 
Committee on Publication may make suggestions to the Direct- 
ors, from time to time, with reference to the publication of 
such papers as in their judgment should be published by the 
Society; and this Committee shall have the care, direction and 
supervision of the publication of all papers which the Directors 
may authorize to have pubhshed. 

Members of the Society shall receive all the Publications of 
the Society free of charge. 
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ARTICLE XII. 

This Society may, by a vote of a majority of all its active 
and life members, become a branch of an American Astro- 
nomical Society, should one be fomie<l. 

ARTICLE XIII. 

It shall be the duty of the Directors, in case any circum- 
stances shall arise likely to endanger the harmony, welfare or 
good order of the Society, to call a special meeting of the 
Society; and if, at such meeting, after an examination of the 
charges, and hearing the accused, who shall have personal 
notice of such proceedings, it shall be proposed that the offend- 
ing member or members shall be expelled, a vote by ballot 
shall be taken, and if two thirds of the members present vote 
in favor thereof, the offending member or members shall be 
expelled. 

ARTICLE XIV. 

The Directors shall meet half an hour before the stated 
lime of each regular meeting, and at such other times as they 
may appoint. The President, or, in his absence, any one of the 
\'ice-I'residents, may call special meetings of the Board of 
Directors at any time. Notice of the time and place of such 
meeting shall be given by t!ie Secretaries, by depositing in the 
post-office at San Francisco a notice of the time and place, 
addressed to each Director personally, at his last known place 
of residence, with the postage thereon prepaid, six days before 
the time of meeting. 

ARTICLE XV. 

The By-Laws may be amended at any lime by a consenting 
vote of nine members of the Board of Directors at any duly 
called meeting thereof. 

.\RTICLK XVI. 

In order to increase the usefulness of the Society, any 
groups of its members residing in the same neighborhood (ex- 
cept in the City and County of San Francisco, State of Cali- 
fornia,) are authorized to form local organizations which shall 

be known as "The Section of the Astronomical Society 

of the Pacific." 
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No Section shall be fomied except by the consent of the 
Board of Directors of the parent Society. 

The proceedings of such Sections may be printed in the 
Publications of the Astronomical Society of the Pacific, either 
in full or in abstract, and the parent Society shall not be in 
any way responsible for publications made elsewhere. 

No person not a member of this Society in good standing 
shall be eligible to membership in a Section, nor shall member- 
ship in a Section interfere in any way with the status of the 
person as a member of this Society. 

The special expenses of each Section shall be borne by the 
group of members composing it, and this Society shall not be 
liable for any debts incurred by any Section. 

STATUTES FOR THE BESTOWAL OF THE BRUCE 

MEDAL OF THE ASTRONOMICAL SOCIETY 

OF THE PACIFIC. 

I. A medal is founded by Miss C.\therine Wolfj-: Bruce, 
of New York, to be given, not oftener than once a year, for 
distinguished services to astronomy. The medal is inter- 
national in character, and it may be awarded to a citizen of 
any country, and to a person of cither sex. 

II. The cost of the medal is to be met from the interest of 
the Bruce Medal Fund of $2500. The capital of this fund is 
not to be impaired. Unexpended interest is to be added to the 
capital to become an integral part thereof. 

III. The medal is to be of gold. The ob^'erse is to bear the 
Seal of tile Astronomical Society of the Pacific, The reverse is 
to bear an inscription as follows : Tins med.\l, foun'dhid A. D, 
MDCCCXCVII, iiY C.xTiiEBiNK Wolfe Bruce, is presented 

TO FOR DISTINGUISHED 

SERVICES TO AsTRONOM Y ( datc in years ) . 

IV. The Bruce Medal is not to be given twice to the same 
individual. 

V. On the first of September of every year one of the 
Secretaries of the Astronomical Society of the Pacific is to 
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address an official letter to the Director of each of the follow- 
ing Observatories, namely : — 

The Harvard College Observatory, The Observatory of Berlin, 
The Lick Observatory, The Observatory of Greenwich, 

The Yerkes Observatory, The Observatory of Paris, 

enclosing the statutes relating to the Bruce Medal, and re- 
questing each of the six Directors just named to nominate not 
to exceed three Astronomers worthy to receive the medal for 
the ensuing year.* 

The replies of the said Directors are not to be communicatee! 
by the Secretary to any person until the first of November, 
when a list containing the names of the Astronomers so nomi- 
nated is to be certified, in writing, by the Secretary, to each of 
the eleven Directors of the Astronomical Society of the Pacific ; 
and a special meeting of the Directors called for the last Satur- 
day in November, at 2 p. m. At that meeting these Statutes 
are to be read; and the original letters from the Directors of 
the Observatories are to be submitted by the Secretary, and 
afterwards sealed in an envelope and deposited in the archives 
of the Society, not thereafter to be opened except by a formal 
resolution of the Directors, passed at a regular meeting. All 
such letters and nominations are to be regarded as confidential 
by all who are knowing to them. 

VI. The Directors of the .Astronomical Society of the 
Pacific, at the special meeting aforesaid, may vote in person or 
by written proxy. 

The medal is not to be awarded unless the votes of at least 
six Directors are cast at this meeting. It may be awarded to 
any individual named in the list certified by the Secretary by 
the consenting votes of six Directors ; or, the consenting votes 
of six Directors may order that no award shall be made for the 
ensuing year. 

The award of the medal, if made, is to be for the calendar 
year commencing with the January after the meeting at which 
the award is made; and on January 1st one of the Secretaries 
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of the Astronomical Society of the Pacific is to officially notify 
the recipient of the award, and on receiving a letter of accept- 
ance, is to transmit the medal, engraved with the name and 
year. The name of the recipient of the medal is not to be made 
public until after the receipt of a letter of acceptance. 

The President of the Astronomical Society of the Pacific, in 
his address at the annual meeting of the Society in March is to 
announce the award and the reasons for making it. 

\'1I. It is coni|)etent for the eleven Directors of the Astro- 
nomical Society of the Pacific, by a unanimous vote, and not 
otherwise, to substitute for any one of the Observatories named 
in Article V some other Observatory. It is desirable, though 
not essential, that three of the Observatories aforesaid shall be 
.\merican and three Foreign. 

Not more than one such substitution is to be made in any 
single calendar year. 

RULES RELATING TO THE COMET MEDAL OF THE 
ASTRONOMICAL SOCIETY OF THE PACIFIC. 

I. A medal of bronze is established, as a perpetual founda- 
tion, to be given for the (hscovery of comets, as follows: — 

The medal is to bear on the obverse side the effigy of a bright 
comet among stars, with the legend, "Asthonomic.m, Society 
OF TiiK P.-vciFic," around the border; and on the rejerse the 
inscription, "This Medal founded in 1890 by Joseph A. 

DoNOHOE, IS PRESENTED TO (the name 

nf the discoverer) to co.mmemorate the Discovery ok a 
Comet on (the date)." 

It is to be understood that this medal is intended solely as a 
recognition of merit, and not as a reward. 

II. The medal will be given to the actual discoverer of any 
unexpected comet. 

III. The discoverer is to make his discovery known in the 
usual way, and. in order to simplify the work of the committee, 
which, in certain cases may be called upon to consider the 
merits of several independent discoveries of the same object. 
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he should also address a letter to the Director of the Lick 
Observatory, which should state the exact time of the discoverj-, 
the position of the comet, the direction of its motion (when 
this can be determined), and the physical appearance of the 
object. 

Xo application for the bestowal of the medal is required. 
The letters received from discoverers of comets will be pre- 
served in the records of the Lick Observatory. Cable tele- 
grams to the Lick Observatory arc to be addressed to "Astron- 
onier. San Trancisco." 

I\'. AH communications will be referred to a committee 
consisting of the Director of the Lick Observatory, ex officio, 
and of two other persons, members of the Astronomical Societ>' 
of the Pacific, who are to be annually appointed by the Hoard 
of Directors. The decisions of this committee are to be final 
"upon all points relating to the award of the medal. The com- 
mittee will print an annual statement of its operations in the 
Publications of the Society, 

Under ordinary circumstances the comet medal will be 
awarded within two months after the date of the discover)-. 
In cases of doubt a longer period may elapse. The medal will 
not be awarded (unless under the most exceptional circum- 
stances ) for the discovery of a comet until enough observations 
are secured (by the discoverer or by others) to permit the 
calculation and verification of its orbit. 

\'. This medal is to be a perpetual foundation from and 
after January i. 1890. 
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NOTICE TO MEMBERS. 

In order to facilitate correspondence between the officials 
of the Society and its members and to insure the proper 
delivery of its Publications, all members are respectfully 
requested to notify the Secretary of any changes in post- 
ofhce address. 

Communications addressed to the undersigned will have 
prompt attention. 

D. S. RICHARDSON, 

Secretary Astronomical Society of the Pacific, 
Room 748 Phelan Building, San Francisco, Cal. 
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NOTES FRO:\I PAQFIC COAST OBSERVATORIES. 

The Orbits of iHvdrx. AB, and of ^883. 

By graphical methods orbits have been computed of AB of 
< Hydrtr. whose a for 1900.00 was 8'' 41° and 8 + 6° 47', and of 
^883, whose o for 1900.00 was 4" 5™ 40* and 8 + 10° 54'. 

The elements of f Hydra differ somewhat in node and inclina- 
tion from those by Dr. Aitken in Lick Observatory Bulletin 
No. 36, but they fully represent the observations. 

The elements of ^883 represent the observations as well 
as do those of Schoenberg, given in Astronomisclie \'acli- 
riclilen. 178, p. 187, 1908, and about as well as those of See. 
given in Monthly \oticcs, 58, p. 566, igo8. The differences 
in the three sets of elements are due mainly to the difference in 
the weights given the observations. These differences may 
be regarded as a measure of the uncertainty still attaching to 
our knowledge of the true orbit of this system. 

The elements of AB of c Hxdra are : — 
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My elements of J8883 are (with those by Schoemiiikg and 
by See for comparison) : — 
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Florence Brow 



The Brightness of the S.-lTellites of Mars. 
The statement is made in some recent textbooks on astronomy 
that Phobos and Deimos, the two small satellites of Mars, can 
be seen only with very large telescopes and then only by screen- 
ing the light from the planet. A series of measures of these 
two satellites was made by me in September and October of 
the present year, and this gave me the opportunity to confirm 
my impression of the error of this statement. A large tele- 
scope is indeed required to show these tiny bodies, and they 
can be seen only when Mars is comparatively near opposition, 
but under good conditions it is then unnecessary to protect 
the eye from the light of the planet. Phobos, the inner 
satellite, is very decidedly the brighter of the two, and can be 
seen, with the 36-inch, in the full light of Mars when less 
than 3" from the planet's limb. Deimos is fainter, and is a 
difficult object in the planet's light when 10" from the limb. 
At distances greater than these limits both satellites are readily 
visible without screening the light from Mars, when the seeing 
is good. My estimates make Phobos fully six times as bright 
as Deimos when at the same distance from the planet ; that 
is, about two stellar magnitudes brighter. 

N'ovemlicr ig. liWO R- t^- AlTKEN. 
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December Observations of Halley's Comet. 
Halleys Comet was observed with the 36-inch refractor 011 
the nights of December 14th, 15th, 17th, and i8th. The meas- 
ures of position show that the correction to Father Seari.kV 
ephemeris was then about -\- 5' in right ascension and about 
■j-o'.2 in declination. The comet appeared to be nearly rounil. 
ihe coma being 1' ± in diameter, with a sharp nucleus. The 
halo around the comet extended over an area nearly 15' in 
<]iameter, and was decidedly brighter and somewhat more 
extended on the following side. No other evidence than this 
could be found of a tail. The comet was estimated to be of the 
tenth magnitude. It was easily detected with the 3-inch finder 
of the 12-inch telescope on the night of December loth. 
December, 1909. R. G. Aitkex. 

Note on Halt.ey's Comet. 
Halley's Comet is increasing rapidly in brightness. In the 
middle of December it was an easy object in a 6-inch telescope, 
and could be made out in a 3-inch. At this time the effective 
magnitude of the comet as a whole must have been about 
Ihe tenth magnitude. The computed brightness of the comet 
on December i6th, according to Crommelin, was is^.o on the 
assumption that the brightness varies as ^ , and i2".o on 



it will be seen that the comet's increase in brightness has been 
quite rapid, and departs very far from the value given by the 

ordinarily accepted formula ,, ^. Coinets are so erratic in 

this respect that no fixed formula of light-increase can be 
adopted. From a long series of estimates by various observers 
on Comet 1898 I,' the writer found that this comet followed 

quite closely the purely empirical formula - - ; using this 

r A- 
ratio, the calculated magnitude of Comet Halley on December 
ifith would have been about 10.6, 
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Photographs taken with the Crossley reflector on December 
I2th, 13th, and 14th recorded a coma of about i' in diameter, 
with an exposure of thirty-five minutes; an exposure of two 
hours shows the surrounding halo, though very faintly in the 
outer portions, with a diameter of about 5'. These plates show 
also very faint traces of a short tail, following and directed 
slightly to the north. As the angle at the comet between the 
radius vector and the line connecting the comet and the earth 
was less than 2° on this date, this may correspond to a tail 
of moderate length. 

The following ephemeris has been computed by Father 
Searle, assuming perihelion as April 19.69. 
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According to elements by Dr. Smart, the comet will be 
closest to the Earth on May 20th. when its distance will be 
14,300,000 miles. There is considerable probability that the 
Earth will pass through the tail on May 18th. 

H. D. Ct-RTIS. 
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GENERAL NOTES. 

The Copley Medal of the Royal Society has been awarded 
to Dr. G. W. Hill for his researches in mathematical 
astronomy. 

"Dr. JIill's work in the branch of astronomy that is farthest 
removed from popular view, and his exacting application of 
the higher mathematics to problems requiring the most rigid 
and complicated demonstration and proof, have done mnch 
to facilitate recent progress and to place that progress upon 
a sure basis." 

A Bright Meteor. — On December i2th at 6:40 p. m.. Pacific 
Standard Time, a very brilliant meteor was seen by Miss Nellie 
Ford and Miss Mahjorii; Driscoll, students in general astron- 
omy at Stanford University. It appeared about ten degrees 
west of Ihe Pole Star, moved very slowly westward and dis- 
appeared behind the western hills after being visible about half 
a minute (possibly exaggerated). The meteor was many times 
brighter than Venus, and its trail was visible for the whole 
length of its path for ten or fifteen seconds after the meteor 
disappeared. S, D. T. 

The library of the late Professor Newcomh has been pur- 
chased by Mr. John Claflin for the College of the City of 
New York. 

Under a resolution of the Board of Directors of the Astro- 
nomical Society of the Pacific passed July 13, 1907. the by-laws 
of the Society, together with the statutes governing the bestowal 
of the Bruce Aledal and the rules relating to the Donoboc 
Comet-Medal, have been reprinte<l in this number of the 
Publications. Amendments to the by-laws made since they 
were last printed in 1897 have been incorporated. 

Dr. Kahl ScHWAUzsciiiLii. professor of astronomy at Ciot- 
tingen. has been appointed director of the Astrophysical 
Observatory at Potsdam. 
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NEW PUBLICATIONS. 

Annales de I'Observatoire Royal de Belgique. Tome XII. 

Fascicule I. 
Les co-ordonnees absolues des etoiles dediiites des 

feuilles heliogravees de la Carte du ciel. 

Correction de la position et diametre de Mercure 

deduits des observations de contact effectuees lors du 

passage du 15-14 Novembre 1907. 

Observations faites au cercle meridien de Repsold en 

1908. 
Observations solares effectuees a Uccle en 1908. 
Bruxelles. 1909. Folio. 307 pp. Paper, 
Annuarie pour I'an 1910 public par le Bureau des Longitudes. 

Paris. Avec des Notices Scientifiqiie. 24°. 834 pp. 

paper. 
Annuario del Observatorio Astronomico Nacional de Tacubaya 

parael aiiode 1910. AJexico. 1909. 16°. 602 pp. Paper. 
Astrononiisclie Beobachtungen auf der Koniglichen Univer- 

sitats-Sternwarte zu Konigsberg. Abteilung 42. Rek- 

taszensions- Beobachtungen von 4066 Stemen. Angestelll 

von Fritz Cohx. Konigsberg. 1909. Folio. 355 pp. 

Paper. 
Br.mporad, a. LAssorbimento selettivo della radiazione solare 

nell'atmDsfera terrestre. Roma. 1909. 4°. in pp. 

Paper. 
B.VLCELLS, P. M.\Ki,vN(». L'Observation solaire. Memoires de 

I'Observatoire de t'Ebre. No, 2. Barcelone. 1909. 4°, 

133 PP- Paper. 
Enebo, SidURD. Beobachtungen veriinderlicher Sterne. Kris- 

tiania. 1909. 8°. 60 pp. Paper. 
Jones, H.arbv C, and Andebso.v, John A. The absorption 

spectra of solutions. Washington. 1909. 4". no pp., 

with 81 plates. Goth. 
Koch, John. Dispersionsmessungen an Gasen im sichtbaren 

imd im ultraroten Spektruni. Upsala. 1909, 4°. 60 pp. 
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Me<l(lclanden fran Lunds Astronomiska Observatorium. Serie 
II. Lund 1909. 4°. Paper. 

Xo. 5. Cber die Bewegiing der Bahnebenen der 
Satelliten in unsereni Planet en system. C. V. L. Ch.\rlier. 
35 PP- 

No. 6. Sur une classe de singularites dans le probleme 
de ;t corps, par Henrik Block. 57 pp. 
Neue Annalen der K. Sternwarte in Miinchen. Band IV. 
Katalog von 1436 Sternen, hauptsachlich Zenitstemen. 
Miinchen, 1909. Polio. 242 pp. Paper. 
Perth Observatory. Vol. 3. Meridian Observations 33° to 
35° south. Epoch 1900. Perth, 1909. Folio. 59 pp. 
Qoth. 
Publications de I'Observatoi re Central Nicolas. Serie II. Vol. 
XVIII, III. Beobachtungen am grossen Zenltteleskop. 
A. Orloft. St. Petersbourg. 1908. Folio. 66 pp. 
Paper. 
Publikattonen der Kaiserlichen L'niversitiits-Sternwarte z« 
Jurj'ew. ( Dorpat. ) 

A. Ori,ofk. Graph ischc Methode zur Auswahl der 
Sternpaare fur die Breitenbestimmung nach der Rtethode 
gleicher Zenitdistanzcn. 

E. ScHOKMRKHt;. Stcnibedcckungen durcb den Mond 
beobachtet in den Jahren 1905-09. 

Beobachtungen des Jupiter am Zenittelescop im Marz 
1908. Dorpat. 1909. Folio. 24 pp. Paper. 
Mitteilungen der Grossh. Sternwarte zu Heidelberg. Karls- 
ruhe. 1909. 8°. 

XV. Die Bahnen der am 3 August und am 28 Septem- 
ber, 1905, erschienenen hellen Metcore. P. Mosceuck. 
.12 PP 

X\'I. Doppelsternmessungen am zwolfzdiligen Refrak- 
tor dcs Astronomifiches Instituts. 59 pp. 

X\"II. Helligkeitsmessungen von lang periodischen 
Veranderlichen. 97 pp. 
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The tidal and other problems. T. C. Chamberlaix, F. R. 

MouLTON, and others. Washington, iqoq. 8°. 264 pp. 

Paper. 
Solar eclipse expedition to Flint Island, January 3. lyoS. F. K. 

MtKi.EAN and others. Suffolk, Folio. 18 pp., with 15 

plates. Cloth. 
ZiN'KER. E. Uber die sekularen Storungen im planetarischen 

Rot at ions problem. Lund. 1909. 8°. 25 pp. Paper. 
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Minutes of the Meeting ok the Board of Directors, held 
IN the Students' Observatory, Berki-xev. Cal- 
ifornia, November 27, 1909, at 7:30 p. m. 

In (he absence of President Campbell, the chair was occupied by 
Professor A. O. Leuschneb. 
The following were elected lo membership in the Society : — 
Mr. John S, Hodcin, 
Mr. Thomas T. Greaves, 
Mr. Charles F. Hart, 
Mr. E. D. RoDGEKS. 
Application for life membership in the Society was receive*! from 
Dr. C. D. Perrine and favorably acted upon. 



Minutes of the Meeting of the Astronomical Society 

OK THE Pacific, held in the Students' Oiiscrvatorv, 

Berkeley, California, \ovemiier 27, 1909. at 8 p. m. 

Professor A. O. Leuschner presided over the meeting. 

Dr. Heber D. Curtis, of Lick Observatory, delivered a most inter- 
esting lecture upon "Astronomical Problems of the Southern Hemi- 
sphere anil the Work of the D. O. Mills Expedition." The lecture was 
illustrated by many excellent lantern slides, throwing light upon the 
scientilic subjects di^cu^scd. and descriptive also of the Chilean environ- 
ment in which Dr. Curtis has spent the past two years as director 
of the expedition. 

The exercises of the evening closed with an illustrated lecture by 
Dr. T. J. J. See, of the Mare Island Naval Obseriatory. on -The Origin 
of the So-Called Craters on the Moon." According 10 the theory of 
Dr. See. the "craters" are the result of collision between the moon and 
bodies from obiter space. The remarks of the speaker called forth some 
adverse criticism from members present and resulted in a spirited debate. 
Adjourned. 

D. S. RlLH.^RIlSON. 

Secretary. 
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OPFtCBRS OP THS SOaSTY. 

Mr. W. W. Campbell Ptttidtnt 

Mr. G. E. Hale FirM VUtPntidttil 

Mr. F. Mo»M Sicatid VUfPrtnitnt 

Mr. E. J. MoLHA THfd fict-Prttidrni 

Mr. D. S, RicHABDsos Stcrriary and Trtaturrr 

Mr. R. a. AlTKIK (Mount HamUlon, Cil.) Stcrtlary 

Board of D.rmori— Xlesirs. Aitkkb, Buiiciihaltiii. Cahfull. C«AWfo»D, 

OOCKEI. ClSHINO, GaLLQWAV, HaLI, MOLlt*. RlCHA.O«.l(. 

Financt Cvmmiiitc — Meur). MoLEM, Ckocke*. Cuihikc. 
Commilttc on PubKcolioH—Hem^ Towhlet, Maddiill, Cuhtib. 
Library Commillet—ilaici. Cuwrou. TawHLiv, Eihahsoh. 
Camtt-Medal Conmiiiee — Meura. Cakpbeli. (ej-ofEcio), Towki.e», Cubtii. 

NOTICE. 

Article VIII at the By-Uws of Ibe Saciety. » amended in 190), readi ai 

tol]o«t-. "Eacb active Tneniber ahall pay, as annual dues, tbe jum of five dollari. 

c fourtha only of 



during Ibe tbird quarter, he shall pay 



one half only of the dues in Ihia article 

ed for thai! be collected from any member who is actually enrolled as a 
,t at a univeriily. aeminary, high school, or other similar inslilution of 
IE. during such time a* be is >o enrolled. . . . Any member may be 
id from annual duea by the paymeni of fifty dollars al any one time, and 
on the roll of life members by the vote of the Board of Directors. . . ." 



ill be tuppliet - ...„ 

,t of two dollars per volume 10 either of Ibe 



Secretaries. Single eopLea will be supplied < 

Members within the Unlled States may oDtam boons irom me uorary 01 ine 
Society by sending to the Secretary ten cents poMage for each book desired. 

The order in "hich papers are primed in the PublicaUnni a decided limply 

accepted for publication. Papers intended to be printed in a given number of the 
pHblicalioni should be in tbe hands of the Committee not later than the loth of 
the month preceding Ihe inonlh of publication. The responsibility for (he views 
expressed in Ihe papers printed, and for the form of their expression, rests with 
Ihe writers, and is not aaiumed by the Society. Articles for the PHblicaliant 
tbould be sent 10 the chairman of lh« Commiltee on PuMicalion. S. D. Townlev. 
Stanford University, California. 

The Secretary will send to any member of the Society suitable stationery, 
lUmped Willi the seal of Ihe Society. St cost price ai followst a block of tetter 

Regular meetings of the Society are held in San Franciwo or vicinity on the 
last Saturdays nf lannarv, JInreh. Junr. and Noremher. and al the Lick Observa- 
tory on the la^t >^aturday of Auguil. Members wbo proroie to attend a meeting 
at Mount naniill..ii ilimild communicate with the Secrelary-Treasurei. in order 



PUBLICATIONS ISSUED BI-MONTHLY. 
(Fibruary, April. Junt, Ai4gnit. Octobir, Dicimbrr.) 
by the Astronomical Society of the Pacific at 748 Phcit 
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Astronomer Perrine, 86; The Closing of a Famous Astro- 
nomical Problem, 103 ; Report of the Lick Observatory for 
ii)08, 145, 213; The Return of Haliey's Comet, 188; On the 
Spectrum of Mars, 201 ; Note on the Pan-AmerJcati Con- 
gress, 21 1 ; Telegram 212 

Capture Theory of Satellites, The, by T. J. J. See 167 
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Cornel figoS (Morehouse), Note on the Spectrum of, by W. W. 

Campbell and Sebastian Albrecht 30 
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System Beyond Neflune, by T. J. J. See 60 
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Famous Astronomical Problem, The Closing of a, by W, W. 
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Fath, E. a., The Spectra of Some Spiral Nebulse and Globular 

Star Clusters 138 

General Notes 38, 88, 161, 177, 224, 262 

Gilbert, G. K„ A Bright Meteor 161 

Clancy, A. Estelle, Photographs of Comet cigoS (Morehouse) 71 
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